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Welcome  to  the  Prickly  Pear... 


To  look  at  it  from  the  highway,  you'd  never  know  that  the  Prickly 
Pear  Creek  near  Helena  is  one  of  Montana's  poorest-quality  streams. 

It's  deceptive.  As  it  flows  nearly  40  miles  from  the  Elkhorn  Moun 
tains  northward  past  Helena  and  into  Lake  Helena,  an  arm  of  the 
Missouri  River  system,  the  Prickly  Pear  appears  to  be  another  clean, 
swift  Rocky  Mountain  trout  stream.  But  this  report  shows  otherwise. 

The  pollution  is  man-caused.  It  began  back  in  1864  when  miners 
£ irst  showed  up  to  exploit  the  creek  and  its  valley.  Then  came 
roads,  ranches,  cities  and  factories.  By  the  late  1970s,  a biolo 
gical  survey  by  the  state  Water  Quality  Bureau  showed  what  an  awful 
]_l££le  creek  it  had  become,  at  least  in  the  sense  of  the  habitat  it 
provided  for  aquatic  life.  The  evidence  pointed  to  a once— pristine 
stream  that  would,  if  things  continued  to  worsen,  be  of  little  use 
to  anything  or  anyone. 

In  1979  and  1980,  investigative  work  was  stepped  up  on  the  Prickly 
Pear.  The  data  that  was  collected  and  their  meanings  are  presented 
in  this  report,  which  is  divided  into  six  parts: 

I.  A water-quality  overview  which  will  show  that  the  water 
itself,  although  varying  from  stretch  to  stretch,  is 
quite  polluted.  Specific  pollutants  and  their  sources 
will  be  discussed. 

II.  A physical-features  inventory  which  will  show  the 

conditions  of  the  streambank  (in  many  spots,  bad),  the 
reasons  for  these  conditions,  and  where  sediment  is 
getting  into  the  stream. 

III.  A detailed  look  at  the  Spring  Creek  drainage , the  tribu- 
taries from  which  a great  deal  of  mine  acid  and  sediment 

come . 

IV.  The  impacts  of  industrial  facilities  with  a history  of  their 
discharges  and  a look  at  what's  being  done  to  control  them. 

V.  A close  look  at  the  impact  of  the  Helena  sewage- treatment 

plant  which  is  pouring  pollutants  into  the  lower  Prickly  Pear. 

VI.  Some  possible  solutions  to  a chronic  dewatering  problem  in 
the  creek  below  East  Helena. 

It  is  hoped  that  the  conclusions  and  recommendations  provided  in  each 
of  the  six  sections  will  be  used  by  the  newly— formed  Prickly  Pear  Task 
Force,  a group  of  11  citizens  representing  the  many  users  of  the  creek. 
The  information  should  help  provide  the  task  force  with  a sense  of 
direction  and  priorities  in  their  task  of  restoring  the  Prickly  Pear 


to  a more  natural,  "cleaner,"  more  stable  condition  --  one  that  will 
encourage  many  beneficial  uses  to  be  carried  out  in  a more  proper, 
gracious  manner  than  man  has  in  the  past  117  years. 

It  is  the  premise  of  the  Water  Quality  Bureau  --  in  its  efforts 
to  protect  and  improve  the  quality  of  waters  across  Montana  — that 
if  the  users  of  a stream  can't  clean  it  up,  nobody  can. 


But  before  we  go  on.  . . 


. . .we  must  admit  that  the  record  flood  that  struck  the  Prickly 

Pear  drainage  in  May  1981,  after  all  of  the  surveys  for  this  report 
were  in,  has  made  some  drastic  changes  in  the  creek  and  some  of  the 
tributaries  that  are  not  reflected  in  this  report.  Most  of  the 
changes  were  in  the  creek's  physical  features,  outdating  some  of 
Part  II  of  the  report,  our  streambank  physical  features  inventory. 
Part  II  still  stands  as  a good  indicator  of  where  the  streambank 
problems  are  occurring,  and  why.  And  the  flood  — wreaking  the  most 
damage  in  what  our  report  already  identified  as  vulnerable,  altered 
areas  while  doing  the  least  damage  in  what  we  saw  as  the  most  stable, 
most  "natural"  areas  --  actually  confirmed  some  of  our  conclusions. 

However,  the  Water  Quality  Bureau  plans  to  take  another  look  at 
the  creek's  physical  features  soon  to  document  those  changes. 
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Part  I 


A Water  Quality  Overview 
1979-1980 


Water  Quality  Bureau 

Department  of  Health  § Environmental  Sciences 
June  1981 


Contact  person:  Loren  Bahls,  449-2406 


Introduction 


This  is  the  first  of  six  parts  in  this  report  that  address  water-quality  problems 
in  Prickly  Pear  Creek.  As  an  overview,  it  identifies  only  the  most  serious  trouble 
spots  and  describes  in  general  terms  the  nature  and  severity  of  water-quality  degra- 
dation originating  from  the  few  principal  sources  of  pollution.  The  remaining  parts 
of  this  report  describe  these  and  other  pollution  sources  at  a level  of  detail  suf- 
ficient to  make  specific  recommendations  for  their  correction. 

Study  design 

Twelve  water-quality  monitoring  stations  were  positioned  along  Prickly  Pear  Creek 
from  its  headwaters  to  near  its  mouth,  including  four  stations  on  significant  tribu- 
tary streams  (Table  1) . 

Each  of  the  10  upper  stations  were  monitored  quarterly  in  February,  June,  August 
and  November  1979.  Additional  samples  were  taken  in  April  and/or  May  of  1980  to 
document  water  quality  during  peak  flows  resulting  from  snowmelt  runoff.  The  East 
Helena  and  Mountain  View  stations  were  sampled  monthly  from  January  1979  through 
January  1980  (excluding  March  and  July  1979)  and  again  in  May  1980. 

Unfortunately  for  the  purposes  of  this  water-quality  study,  normal  peak  flows 
did  not  materialize  in  the  spring  of  1980.  Nevertheless,  historical  water-quality 
data  are  available  at  certain  sites  along  the  stream  for  periods  of  normal  to  above 
normal  peak  streamflow.  These  data  will  be  referenced  as  appropriate  to  supplement 
the  data  base  and  to  reinforce  interpretations  and  conclusions. 

Parameters  and  water  uses 

Streamflow  plus  about  30  water-quality  parameters  were  measured  for  each  site 
and  visit. 

About  one-half  of  the  measured  parameters  are  not  significant  as  pollutants, 
and  will  not  be  covered  in  this  report;  yet  they  do  serve  important  auxiliary  func- 
tions: Certain  parameters  are  used  to  determine  a stream's  sensitivity  to  various 

forms  of  pollution.  For  example,  the  toxicity  of  some  heavy  metals  to  aquatic  life 
is  inversely  related  to  the  water's  hardness.  Hardness  levels  in  the  Prickly  Pear 
Creek  system  vary  considerably,  thus  a knowledge  of  this  parameter  at  the  time  of 
sampling  is  essential  for  evaluating  heavy-metal  impact.  Other  parameters,  like 
conductivity,  are  useful  mainly  as  indicators  of  mining-related  pollution.  Still 
other  parameters,  like  potassium,  are  used  to  establish  an  ionic  balance  and  check 
the  overall  accuracy  of  the  chemical  analysis. 

Thirteen  parameters,  including  two  biological  measurements  of  water  quality, 
were  selected  for  coverage  in  this  part  of  the  report.  Seven  of  these  parameters 
--  turbidity,  arsenic,  lead,  manganese,  iron,  nitrogen  and  phosphorus  --  address 
matters  of  public  health  and  aesthetics.  The  remaining  six  parameters  --  suspended 
sediment,  ammonia,  copper,  zinc,  diatom  diversity  and  macro invertebrate  diversity 
--  address  the  integrity  of  the  stream's  biological  community,  particularly  its 
fish  life. 

Parameters  that  affect  public  health  and  aesthetics  also  affect  fish  and  aquatic 
life,  and  conversely.  Hence,  these  two  categories  are  not  mutually  exclusive,  but 
rather  group  parameters  by  the  beneficial  uses  that  would  be  first  and  most  severely 
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TABLE  1 Water- quality  monitoring  stations  along  Prickly  Pear  Creek,  1979-1980 


No. 

Location 

Township- 

-Range- 

-Section 

1 

Prickly  Pear  Cr.  above  Spring  Cr. 

(also  above  Beavertown  8 Golconda  Creeks) 

07N 

03W 

08DCC 

2 

Spring  Cr.  near  mouth  at  Jefferson  City 

07N 

03W 

06  AC  A 

3 

Prickly  Pear  Cr.  below  Spring  Cr. 
(at  Interstate- 15  rest  area) 

08N 

03W 

32BAB 

4 

Warm  Springs  Cr.  near  mouth  at  Alhambra 

08N 

03W 

16ABB 

5 

Prickly  Pear  Cr.  below  Warm  Springs  Cr. 

08N 

03W 

16  ABB 

6 

Clancy  Cr.  near  mouth  at  Clancy 

08N 

03W 

0 9 ABA 

7 

Prickly  Pear  Cr.  below  Clancy  Cr. 

08N 

03W 

04DCD 

8 

Lump  Gulch  Cr.  near  mouth 
(at  Marks  Ranch) 

08N 

03W 

04 ADD 

9 

Prickly  Pear  Cr.  below  Lump  Gulch  Cr. 

08N 

03W 

03BBA 

10 

Prickly  Pear  Cr.  at  Montana  City 

09N 

03W 

13BAD 

11 

Prickly  Pear  Cr.  at  East  Helena 
(below  Asarco) 

ION 

03W 

25DCD 

12 

Prickly  Pear  Cr.  at  Mountain  View  School 
(below  Helena  sewage- treatment  plant) 

ION 

03W 

03BBA 
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impaired  should  pollution  occur.  For  example,  arsenic  is  toxic  both  to  people  and 
to  freshwater  aquatic  life.  The  criterion  for  freshwater  aquatic  life  is  440 
micrograms  per  liter  (ug/1),  but  the  drinking-water  criterion  is  only  50  ug/1, 
hence  this  latter  use  would  be  first  and  most  seriously  impacted  should  arsenic 
levels  increase. 

As  another  example,  excess  concentrations  of  the  plant  nutrients  nitrogen  and 
phosphorus  may  generate  unsightly  growths  of  algae,  which  in  turn  may  cause  taste 
and  odor  problems  in  water  supplies.  On  the  other  hand,  respiration  from  large 
plant  masses  may,  under  certain  conditions,  significantly  deplete  the  ample  dis- 
solved oxygen  supplies  required  for  maintaining  a cold-water  fishery.  Hence, 
nitrogen  and  phosphorus  will  affect  both  categories  of  use. 

Some  beneficial  uses,  such  as  drinking  water,  are  addressed  even  though  they 
are  not  now  being  exercised  on  Prickly  Pear  Creek.  The  report,  therefore,  addresses 
potential  as  well  as  existing  beneficial  uses.  In  other  words,  we  are  disregarding 
for  the  moment  Prickly  Pear's  existing  classifications^  and  beneficial  uses  and 
assuming  the  stream  could  and  should  be  greatly  improved;  and  we  are  comparing  the 
creek's  existing  water  quality  with  certain  public-health  criteria  to  show  how 
much  it  would  have  to  be  improved  before  it  would  be  considered  potable.  One  also 
should  keep  in  mind  that  Prickly  Pear  Creek  is  part  of  a greater  hydrological 
system  and  that  its  waters  may  influence  downstream  uses  along  the  Missouri  River. 

The  chronic  dewatering  problem  known  to  afflict  a section  of  Prickly  Pear  Creek 
in  the  Helena  Valley  is  not  assessed  directly  in  this  part  of  the  report.  Never- 
theless, a lower  summertime  dilution  capacity  for  the  Helena  sewage  treatment  plant 
(STP)  discharge  will  inflate  toxic  ammonia  concentrations  and  worsen  biological 
problems  at  the  Mountain  View  School  station.  Dewatering  will  be  the  subject  of 
Parts  II  and  VI  in  this  series. 

Fecal  coliform  bacteria,  of  interest  with  regard  to  the  Helena  STP  discharge 
and  other  possible  sources  of  fecal  contamination,  were  not  measured  during  this 
phase  of  the  study  because  of  logistic  constraints.  However,  they  were  monitored 
during  the  Helena  STP  investigation  (Part  V) . Similarly,  bedload  sediment  transport, 
a phenomenon  of  significance  to  benthic  biological  communities  and  in  the  maintenance 
of  irrigation  structures,  was  not  measured  directly  but  will  be  addressed  in  the 
reports  on  the  streambank  inventory,  Spring  Creek,  and  Asarco  (Parts  II,  III  and  IV 
of  the  overall  Prickly  Pear  Report. 

Methods 


The  collection,  handling  and  analysis  of  the  physical/chemical  water-quality  sam- 
ples generally  followed  "Standard  Methods"  (APHA  et  al . , 1975)  or  equivalent 
EPA- sanctioned  procedures  (USEPA,  1976a;  USEPA,  1979).  One  exception  was  the  pro- 
cedure used  for  analysis  of  heavy  metals  (arsenic,  copper,  lead,  zinc).  The  "total 
recoverable"  method  used  by  the  Department  of  Health  and  Environmental  Sciences 
chemistry  laboratory  is  a bottle-digestion  procedure  whereby  the  sample  is  field 
acidified  and  no  further  acid  is  added  in  the  laboratory.  In  contrast,  the  EPA 
total  recoverable  method  --  the  one  on  which  recent  toxics  criteria  were  based  -- 
involves  additional  acidification  and  heating  prior  to  analysis.  Therefore,  the 
heavy  metals  data  presented  in  this  report  probably  underestimate  those  levels  that 
would  be  produced  by  the  more  rigorous  standard-digestion  procedure. 


1 Existing  water-use  classifications  for  Prickly  Pear  Creek  and  its  tributaries 
are  presented  in  Appendix  A. 
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Methods  used  to  collect  and  analyze  samples  of  the  benthic  biological  communities 
generally  followed  those  recommended  by  the  U.S.  Environmental  Protection  Agency 
(Weber,  1973;  Homig  and  Pollard,  1978). 

To  enhance  utility,  the  results  of  this  investigation  will  be  grouped  catego- 
rically as  follows: 

o Parameters  affecting  public  health  and  aesthetics 

o Parameters  affecting  the  integrity  of  the  stream’s  biological  community 

Each  parameter  will  be  treated  in  a uniform  manner,  as  follows: 

a Rationale.  These  sections  include  published  criteria  for  protecting 
beneficial  uses  and  the  implications  of  exceeding  those  criteria. 

o Results . Data  will  be  presented  for  each  station  in  both  tabular  and 
graphical  format.  Data  tables  will  give  minimum,  maximum  and  mean 
values  at  each  station  as  well  as  the  number  of  criteria  "exceedences” 
recorded  during  the  course  of  the  investigation.  The  graphical  pre- 
sentation for  a parameter  will  consist  of  a map  of  the  Prickly  Pear 
drainage  on  which  will  be  displayed  for  each  station  the  relative 
magnitude  of  the  mean  value. 

o Interpretation . The  interpretation  sections  will  attempt  to  translate 
water-quality  data  into  effects  on  beneficial  uses.  "Severe  problem 
areas"  or  significant  sources  of  pollution  will  be  identified  and  the 
cumulative  effects  of  two  or  more  sources  will  be  assessed.  Because  of 
the  necessarily  limited  number  of  sampling  stations  and  their  arrange- 
ment along  the  creek,  some  relatively  minor  pollution  sources  may  be 
overlooked. 
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Water -quality  overview 


Streamflow 


Rationale 

Rate  of  flow  is  an  important  aspect  of  any  water-quality  investigation.  Instan- 
taneous discharge  measurements,  along  with  measurements  of  pollutant  concentrations, 
allow  for  estimates  of  pollutant  loading  in  terms  of  weight  of  pollutant  carried  by 
an  effluent  or  stream  per  unit  of  elapsed  time  (e.g.,  pounds  per  day).  Loading  cal- 
culations are  usually  applied  to  point  sources  of  known  quantity  and  relatively  con- 
sistent quality  (e.g.,  the  Helena  sewage  treatment  plant  discharge). 

In  this  overview  study  of  water  quality  in  the  Prickly  Pear  drainage,  certain 
tributary  streams  --  notably  Spring  Creek  --  may  be  treated  at  their  mouths  as  point 
sources  of  pollution.  Because  flow  and  quality  in  these  tributaries  are  extremely 
variable,  and  to  a great  extent  interdependent,  it  is  particularly  important  that 
their  measurements  go  hand-in-hand.  At  the  same  time,  it  is  important  to  determine 
the  volume  and  quality  of  relatively  clean  "dilution”  water  that  is  available  in- 
stream  for  mitigating  the  impacts  of  pollutants  discharged  by  wastewater  effluents 
and  polluted  tributaries. 

Results 


Streamflow  was  measured  following  procedures  approved  by  the  U.S.  Geological  Sur- 
vey using  appropriate  metering  devices.  Results  of  those  measurements  are  presented 
in  Table  2. 


Interpretation 

Mean  streamflow  generally  increased  in  a downstream  direction  along  the  mainstem 
of  Prickly  Pear  Creek  due  to  additions  from  tributary  streams.  Anomalous  decreases 
may  be  due  to  underground  losses  or  surface  diversions.  The  rise  in  mean  streamflow 
between  Stations  11  and  12  can  be  explained  primarily  by  the  Helena  sewage  treatment 
plant  (STP)  discharge.  Mean  discharge  from  the  Helena  STP  over  the  course  of  this 
study  was  5.7  cubic  feet  per  second  (cfs) , representing  about  10  percent  of  the  mean 
streamflow  in  Prickly  Pear  Creek  at  Mountain  View  School. 

Tributary  flows  were  exceedingly  variable  in  terms  of  their  contribution  to  com- 
bined flow  in  the  mainstem.  For  example,  on  May  14,  1980,  Spring  Creek's  contribution 
to  flow  in  Prickly  Pear  Creek  was  only  11  percent.  Yet  in  spite  of  this  low  flow 
percentage,  pollutant  concentrations  in  Spring  Creek  were  extremely  high  and  water 
quality  in  Prickly  Pear  Creek  was  severely  degraded.  During  base-flow  periods,  when 
pollutant  concentrations  in  Spring  Creek  were  lower,  its  contribution  to  flow  in  the 
mainstem  was  as  high  as  68  percent.  Regardless  of  flow  contributions,  pollutant 
levels  in  Spring  Creek  consistently  exceeded  water- quality  criteria  and  degraded 
water  quality  in  Prickly  Pear  Creek  for  a considerable  distance  downstream. 
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TABLE  2 Streamflow  (cfs)  in  Prickly  Pear  Creek,  1979-1980 


No. 

Location 

Sample 

size 

Minimum 

value 

Mean 

Maximum 

value 

Percent 

tributary 

contribution 

1 

Prickly  Pear  Cr. 
above  Spring  Cr. 

6 

3.0 

13.8 

35.6 

2 

Spring  Cr. 
near  mouth 

6 

2.0 

3.6 

5.1 

18.8 

(9.0-68.0) 

3 

Prickly  Pear  Cr. 
below  Spring  Cr. 

6 

7.1 

19.1 

41.2 

4 

Warm  Springs  Cr. 
near  mouth 

5 

0.8 

5.5 

19.4 

9.2 

(1.6-22.8) 

5 

Prickly  Pear  Cr. 
below  Warm  Spg.  Cr. 

5 

17.5 

59.6 

95.0 

6 

Clancy  Cr. 
near  mouth 

5 

1.9 

8.8 

21.2 

17.7 

(9.1-24.4) 

7 

Prickly  Pear  Cr. 
below  Clancy  Cr. 

5 

20.5 

49.7 

91.2 

8 

Lump  Gulch  Cr. 
near  mouth 

5 

0.4 

10.1 

29.9 

16.6 

(1.3-22.0) 

9 

Prickly  Pear  Cr. 
below  Lump  Gulch 

5 

19.0 

60.8 

136.0 

10 

Prickly  Pear  Cr. 
at  Montana  City 

5 

13.9 

61.7 

141.7 

- 

11 

Prickly  Pear  Cr. 
at  East  Helena 

10 

15.9 

49.4 

169.6 

12 

Prickly  Pear  Cr. 
at  Mtn.  View  School 

12 

24.9 

55.7 

153.0 

^Estimates  the  percent  of  contribution  of  tributary  streamflow  to  combined  stream- 
flow  based  on  a comparison  of  mean  values.  (Figures  in  parentheses  represent  the 
range  of  individual  percentages  encountered  on  all  sampling  dates.) 
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Parameters  affecting 
public  health  and  aesthetics 


t 


Water-quality  overview 


Turbidity 


Rationale 

Turbidity  is  a measure  of  the  "cloudiness"  of  water  resulting  from  small  sus- 
pended particles.  These  particles  may  be  either  organic,  such  as  sewage,  leaf  lit- 
ter or  animal  waste,  or  inorganic,  such  as  clay  or  silt. 

Turbidity  itself  is  not  a grave  hazard  in  drinking  water.  However,  it  may 
interfere  with  bacterial  disinfection  and  with  the  technique  used  to  determine  a 
supply's  microbiological  purity.  An  incorrect  reading  will  give  a false  sense  of 
security  when  in  fact  a supply  may  be  dangerously  contaminated.  Since  Prickly  Pear 
Creek  is  not  now  used  as  a community  water  supply,  turbidity  and  other  public  health 
criteria  are  presented  in  this  report  only  for  purposes  of  comparison,  that  is,  to 
show  how  Prickly  Pear  Creek  water  compares  to  water  that  is  considered  to  be  po- 
table . 

Too  much  turbidity  or  "cloudiness"  in  the  water  also  will  reduce  the  amount  of 
sunlight  reaching  aquatic  plant  communities  on  the  stream  bottom.  Turbidity  also 
is  visually  offensive,  whether  in  a glass  of  drinking  water,  a tub  of  bath  water,  a 
lake  or  stream. 

The  maximum  contaminant  level  for  turbidity  in  drinking  water  is  1 turbidity 
unit  (TU)  as  a monthly  average.  A higher  level  not  to  exceed  5 TU  may  be  allowed 
if  the  supplier  of  water  can  show  that  such  a level  will  not  interfere  with  disin- 
fection or  with  microbiological  determinations  (USPHS,  1962;  DHES,  1977).  The  5 TU 
criterion  will  be  used  for  comparisons  in  this  report. 

These  turbidity  and  other  drinking  water  criteria  are  for  treated  or  "finished" 
waters  delivered  to  the  tap.  Unlike  metallic  pollutants,  arsenic  and  lead  for  ex- 
ample, turbidity  can  be  removed  readily  by  conventional  treatment.  Surface  waters 
in  western  Montana  commonly  exceed  these  turbidity  values  naturally  during  spring 
runoff,  at  which  times  treatment  is  required  to  deliver  a supply  of  acceptable 
quality.  Persistent  turbidity  at  other  times  of  the  year  may  be  a sign  of  pollution. 


Results 

Turbidity  results  are  presented  in  Figure  1 and  Table  3.  In  addition,  the  fol- 
lowing results  will  approximate  a "worst-case  scenario"  for  Spring  Creek  and  the 
reach  of  Prickly  Pear  Creek  immediately  downstream  from  Spring  Creek.  On  May  12, 
1975,  when  Spring  Creek  discharged  an  estimated  20  cfs  and  Prickly  Pear  Creek  above 
Spring  Creek  carried  an  estimated  100  cfs,  these  turbidity  values  were  recorded: 


Station  Turbidity  (TU) 


NO. 

Location 

1 

Prickly  Pear  Cr.  above  Spring  Cr. 

57 

2 

Spring  Creek  near  mouth 

2500 

3 

Prickly  Pear  Cr.  below  Spring  Cr. 

1600 

9 


Lake  Helena 


Mta.  View  School 

1 S 


Helena  sewite  ptoat 


East  Helena 

Asa/co 


Kafeer 

Montana  City 


Clancy 


Figure  1 


Turbidity 


MAIN  STEM 


TRIBUTARY 


SEVERE  PROBLEM 
AREA 


LEVEL  AT  WHICH  PUBLIC  HEALTH 
AND  AESTHETICS  ARE  THREATENED 


These  levels  at  stations  2 and  3 are  comparable  with  those  normally  found  in  south- 
eastern Montana's  infamous  Powder  River. 


Interpretation 

A quick  scan  of  the  results  reveals  two  distinct  turbidity  "hot  spots": 

a Spring  Creek 

° Lower  Prickly  Pear  Creek  near  Mountain  View  School 

The  mean  turbidity  level  in  Spring  Creek  is  an  order  of  magnitude  higher  than  mean 
levels  in  Prickly  Pear  Creek.  All  readings  in  Spring  Creek  were  in  excess  of  the 
standard.  The  turbidity  problem  in  Spring  Creek  is  caused  by  unstable  soils,  roads, 
raw  gullies,  streambanks  and  tailings  left  in  the  wake  of  mining  activity,  princi- 
pally up  the  Corbin  Creek  drainage  (see  Pedersen,  1977  and  Part  III) . The  problem 
in  lower  Prickly  Pear  Creek  may  be  due  in  part  to  organic  turbidity  from  the  Helena 
STP  discharge,  but  mostly  to  eroding  streambanks  and  resuspension  of  sediment  par- 
ticles off  the  stream  bottom  (Parts  II  and  V) . Sane  of  this  resuspended  sediment 
may  have  originated  as  far  upstream  as  Spring  Creek. 
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TABLE  3 Turbidity  (TU)  in  Prickly  Pear  Creek , 1979-1980 


No. 

Station 

Location 

Sample 

size 

Minimum 

value 

Mean 

Maximum 

value 

Number  of 
exceedences 1 

1 

JL 

Prickly  Pear  Cr. 
above  Spring  Cr. 

6 

0.3 

0.8 

1.3 

0 

2 

Spring  Cr. 
near  mouth 

6 

7.8 

22.6 

61.0 

6 

3 

Prickly  Pear  Cr. 
below  Spring  Cr. 

6 

1.0 

2.3 

4.7 

0 

4 

Warm  Springs  Cr. 
near  mouth 

5 

0.8 

3.0 

6.5 

1 

5 

Prickly  Pear  Cr. 
below  Warm  Spg . Cr . 

5 

1.3 

3.8 

8.3 

1 

6 

Clancy  Cr. 
near  mouth 

5 

0.9 

4.1 

10.0 

1 

7 

Prickly  Pear  Cr. 
below  Clancy  Cr. 

5 

0.7 

3.3 

8.1 

1 

8 

Lump  Gulch  Cr. 
near  mouth 

5 

0.8 

3.1 

7.0 

1 

9 

Prickly  Pear  Cr. 
below  Lump  Gulch  Cr 

5 

e 

1.1 

3.3 

8.6 

1 

10 

Prickly  Pear  Cr. 
at  Montana  City 

5 

1.0 

3.2 

8.0 

1 

11 

Prickly  Pear  Cr. 
at  East  Helena 

11 

0.8 

3.6 

17.0 

2 

12 

Prickly  Pear  Cr. 
at  Mtn.  View  School 

11 

1.1 

9.3 

29.0 

10 

1Exceedences  were  based  on  a criterion  of  5 TU  for  drinking  water  supplies  (USPHS, 
1962)  . 
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Water -quality  overview 


Arsenic 

Rationale 

Arsenic  is  a naturally  occurring  element  in  rocks,  soil,  air  and  living  organ- 
isms. Compounds  of  arsenic  are  relatively  insoluble  in  water,  hence  natural  back- 
ground levels  are  very  low.  Elevated  levels  of  arsenic  can  result  from  geothermal 
activity  and  overland  runoff  containing  industrial  or  mine  waste  or  agricultural 
pesticides.  Low  pH  conditions  commonly  associated  with  acid-mine  drainage  favor 
the  transformation  of  arsenic  to  more  toxic  forms. 

The  human  health  criterion  for  arsenic  is  50  ug/1  (USPHS,  1962;  DHES,  1977) . 
However,  a number  of  studies  have  shown  arsenic  to  be  carcinogenic,  hence  the 
ambient  water  concentrations  should  be  zero,  based  on  the  non- threshold  assumption 
for  this  chemical.  Arsenic  is  relatively  less  toxic  to  freshwater  aquatic  life, 
for  which  a criterion  of  440  ug/1  has  been  established  (USEPA,  1980a) . The  recom- 
mended irrigation  and  stock  watering  criteria  are  100  ug/1  and  200  ug/1,  respec- 
ively  (USEPA,  1973) . 


Results 


Arsenic  results  are  presented  in  Figure  2 and  Table  4. 


Interpretation 

Two  arsenic  "hot  spots"  are  evident  from  the  data: 

o Spring  Creek 

o Prickly  Pear  Creek  below  East  Helena 

The  elevated  arsenic  levels  in  Spring  Creek  are  clearly  contributed  by  mine  waste 
runoff;  the  maximum  value  (96  ug/1)  was  recorded  near  peak  discharge  on  May  14, 
1980.  The  main  source  of  arsenic  in  Prickly  Pear  Creek  at  East  Helena  and  Mountain 
View  School  was  the  Asarco  smelter  at  East  Helena.  Just  prior  to  the  arsenic  ex- 
ceedences in  lower  Prickly  Pear  Creek,  two  unauthorized  discharges  were  discovered 
originating  from  the  Asarco  facility,  carrying  53,750  ug/1  and  17,000  ug/1  arsenic. 
When  these  discharges  were  first  detected  and  sampled,  on  November  1,  1979,  the 
arsenic  concentration  in  Prickly  Pear  Creek  immediately  below  the  discharges  was 
900  ug/1.  These  discharges  have  been  eliminated  (Part  IV). 

The  increase  in  arsenic  concentrations  between  East  Helena  and  Mountain  View 
School  may  have  been  real  and  caused  by  one  or  both  of  the  following:  (1)  the 

effluent  from  the  East  Helena  lagoon,  which  may  receive  arsenic-laden  wash  water 
from  the  Asarco  facility  through  the  East  Helena  sewer  system;  and/or  (2)  the  dis- 
charge from  the  Wilson  Ditch,  which  originates  on  Asarco  property  and  has  been 
known  to  carry  excessive  quantities  of  arsenic.  Or,  the  increase  in  arsenic  be- 
tween East  Helena  and  Mountain  View  School  may  have  been  only  apparent,  caused  by 
unrepresentative  sampling  at  the  upstream  (East  Helena)  site.  Part  IV  of  this 
report  will  elaborate  upon  the  source  and  status  of  metals  discharges  to  Prickly 
Pear  Creek  in  the  East  Helena  area. 
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Figure  2 
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TABLE  4 


Total  Recoverable  Arsenic  (ug/1)  in  Prickly  Pear  Creeks  1979-1980 


No. 

Station 

Location 

Sample 

size 

Minimum 

value! 

Mean 

Maximum 

value 

Number  of 
exceedence: 

1 

Prickly  Pear  Cr. 
above  Spring  Cr. 

5 

0 

0 

1 

0 

2 

Spring  Cr. 
near  mouth 

5 

14 

44 

96 

1 

3 

Prickly  Pear  Cr. 
below  Spring  Cr. 

5 

3 

6 

10 

0 

4 

Warm  Springs  Cr. 
near  mouth 

5 

12 

20 

34 

0 

5 

Prickly  Pear  Cr. 
below  Warm  Spg.  Cr. 

5 

6 

9 

14 

0 

6 

Clancy  Cr. 
near  mouth 

5 

7 

13 

22 

0 

7 

Prickly  Pear  Cr. 
below  Clancy  Cr. 

5 

5 

9 

18 

0 

8 

Lump  Gulch  Cr. 
near  mouth 

5 

0 

1 

3 

0 

9 

Prickly  Pear  Cr. 
below  Lump  Gulch  Cr 

5 

• 

4 

7 

13 

0 

10 

Prickly  Pear  Cr. 
at  Montana  City 

5 

4 

8 

14 

0 

11 

Prickly  Pear  Cr. 
at  East  Helena 

7 

9 

30 

100 

1 

12 

Prickly  Pear  Cr. 
at  Mtn.  View  School 

8 

10 

56 

260 

1 

1 


Reported  laboratory  values  of  <0.001  mg/1  (<1  ug/1)  are  assumed  to  be  zero. 


^Exceedences  were  based  on  a criterion  of  50  ug/1  for  drinking  water  supplies  (USPHS, 
1962)  . 
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Water -quality  overview 


Lead 


Rationale 


Lead  is  a soft  gray,  acid-soluble  metal,  and  is  common  in  various  mineral  ores 
combined  with  sulfate,  carbonate  or  sulfide  (galena) . The  solubility  of  lead  is 
inversely  proportional  to  pH,  thus  it  is  commonly  concentrated  in  acid-mine  waters. 
In  addition  to  their  natural  occurrence,  lead  and  its  compounds  may  enter  and  con- 
taminate the  environment  at  any  stage  during  mining,  smelting,  processing  and  use 
(USEPA,  1976b) . 

The  major  toxic  effects  of  lead  are  anemia,  nervous  disorders  and  kidney  im- 
pairment. The  drinking  water  standard  to  protect  human  health  is  50  ug/i  (USPHS, 
1962;  DHES,  1977) . Lead  is  somewhat  less  toxic  to  aquatic  life  and  highly  depen- 
dent on  hardness  (USEPA,  1980c) . The  recommended  irrigation  and  stockwatering 
criteria  for  lead  are  5,000  ug/1  and  100  ug/1,  respectively  (USEPA,  1973). 


Results 


Lead  results  are  presented  in  Figure  3 and  Table  5.  On  May  12,  1975,  Spring 
Creek  delivered  25,000  ug/1  of  lead  to  upper  Prickly  Pear  Creek,  approximating  a 
"worst-case  scenario".  On  that  date,  lead  jumped  from  less  than  20  ug/1  above 
Spring  Creek  to  20,000  ug/1  below  Spring  Creek.  In  the  course  of  this  study,  an 
unauthorized  discharge  from  the  Asarco  East  Helena  facility  was  found  to  contain 
830  ug/1  lead.  This  discharge  has  been  eliminated. 


Interpretation 

As  with  arsenic,  the  lead  "hot  spots"  are: 

o Spring  Creek 

o Prickly  Pear  Creek  below  East  Helena 

Mine  wastes  subject  to  acid-mine  drainage  account  for  the  lead  problem  emanating 
from  Spring  Creek.  The  Asarco  East  Helena  facility  was  the  likely  source  of  lead 
in  lower  Prickly  Pear  Creek.  As  in  the  case  of  arsenic,  the  East  Helena  lagoon 
and/or  the  Wilson  Ditch  may  be  discharge  points  for  lead  originating  at  Asarco. 
One  lead  value  slightly  in  excess  of  the  criterion  was  recorded  at  the  mouth  of 
Clancy  Creek.  None  of  the  lead  values  recorded  during  the  course  of  this  study 
exceeded  the  criterion  to  protect  freshwater  aquatic  life;  however,  the  stock 
watering  criterion  was  often  exceeded  in  Spring  Creek. 
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TABLE  5 


Total  Recoverable  Lead  (ug/1)  in  Prickly  Pear  Creek , 1979-1980 


NO. 

Station 

Location 

Sample 

size 

Minimum 

valued 

Mean 

Maximum 

value 

Number  of 
exceedence: 

1 

Prickly  Pear  Cr. 
above  Spring  Cr. 

5 

0 

0 

0 

0 

2 

Spring  Cr. 
near  mouth 

5 

60 

158 

250 

5 

3 

Prickly  Pear  Cr. 
below  Spring  Cr. 

5 

0 

4 

14 

0 

4 

Warm  Springs  Cr. 
near  mouth 

5 

0 

7 

36 

0 

5 

Prickly  Pear  Cr. 
below  Warm  Spg.  Cr. 

5 

0 

3 

8 

0 

6 

Clancy  Cr. 
near  mouth 

5 

0 

12 

56 

1 

7 

Prickly  Pear  Cr. 
below  Clancy  Cr. 

5 

0 

9 

29 

0 

8 

Lump  Gulch  Cr. 
near  mouth 

5 

0 

0 

0 

0 

9 

Prickly  Pear  Cr. 
below  Lump  Gulch  Cr 

5 

a 

0 

7 

25 

0 

10 

Prickly  Pear  Cr. 
at  Montana  City 

5 

0 

5 

27 

0 

11 

Prickly  Pear  Cr. 
at  East  Helena 

7 

0 

27 

70 

2 

12 

Prickly  Pear  Cr. 
at  Mtn.  View  School 

7 

0 

30 

73 

2 

1 


Reported  laboratory  values  of  <0.005  mg/1  (<5  ug/1)  are  assumed  to  be  zero. 


“Exceedences  were  based  on  a criterion  of  50  ug/1  for  drinking  water  supplies  (USPHS, 
1962) . 
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Water -quality  overview 


Iron 

Rationale 


Iron  is  relatively  nontoxic  to  people  and  freshwater  aquatic  life,  but  it  is 
an  objectionable  constituent  in  water  supplies  for  either  domestic  or  industrial 
use.  Iron  affects  the  taste  of  beverages  and  can  stain  laundered  clothes  and 
plumbing  fixtures. 

Prime  iron  pollution  sources  are  industrial  wastes,  mine  drainage  waters,  and 
iron-bearing  groundwaters.  In  the  presence  of  dissolved  oxygen,  iron  in  mine 
drainage  water  is  precipitated  as  ferric  hydroxide,  which  aggregates  into  a dense 
flocculant  mat  on  the  stream  bottom.  Commonly  known  as  "yellow  boy" , this  mat  can 
smother  bottom-dwelling  invertebrates,  plants,  and  incubating  fish  eggs.  With  time 
these  floes  can  consolidate  bottom  gravels  into  pavement-like  areas  that  are  un- 
suitable as  spawning  sites  for  nest-building  fishes  (USEPA,  1976b) . 

The  public  welfare  criterion  to  protect  domestic  water  supplies  is  0.30  mg/1. 
The  criterion  to  protect  freshwater  aquatic  life  is  1.0  mg/1  (USEPA,  1976b).  A 
recommended  criterion  to  protect  irrigated  soils  and  crops  is  5.0  mg/1  (USEPA, 

1973)  . 


Results 

Iron  results  are  presented  in  Figure  4 and  Table  6. 


Interpretation 

Iron  exceeded  the  domestic  water  supply  criterion  and  the  freshwater  aquatic 
life  criterion  at  all  stations  but  the  uppermost  Prickly  Pear  Creek  station. 
Based  on  mean  concentration,  the  most  extraordinary  "hot  spot"  is: 

o Spring  Creek 

On  May  12,  1975,  iron  at  the  Spring  Creek  station  measured  76  mg/1,  which  was 
nearly  four  times  the  maximum  value  recorded  during  the  course  of  this  study. 
Yellow  boy  is  commonly  observed  in  Spring  Creek  and  in  its  polluted  tributary, 
Corbin  Creek. 
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Figure  4 
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TABLE  6 


Total  Recoverable  Iron  (mg/1)  in  Prickly  Pear  Creek,  1979-1980 


No. 

Station 

Location 

Sample 

size 

Minimum 

value 

Mean 

Maximum 

value 

Number  of 
exceedences 1 

1 

Prickly  Pear  Cr. 
above  Spring  Cr. 

6 

0.02 

0.08 

0.22 

0 

2 

Spring  Cr. 
near  mouth 

6 

0.69 

5.63 

20.70 

6 

3 

Prickly  Pear  Cr. 
below  Spring  Cr. 

6 

0.05 

0.63 

2.15 

4 

4 

Warm  Springs  Cr. 
near  mouth 

5 

0.12 

0.68 

2.24 

3 

5 

Prickly  Pear  Cr. 
below  Warm  Spg.  Cr. 

5 

0.21 

0.61 

1.74 

3 

6 

Clancy  Cr. 
near  mouth 

5 

0.06 

0.62 

2.02 

2 

7 

Prickly  Pear  Cr. 
below  Clancy  Cr. 

5 

0.16 

0.69 

2.47 

2 

8 

Lump  Gulch  Cr. 
near  mouth 

5 

0.24 

0.70 

1.59 

4 

9 

Prickly  Pear  Cr. 
below  Lump  Gulch  Cr 

5 

• 

0.15 

0.54 

1.64 

3 

10 

Prickly  Pear  Cr. 
at  Montana  City 

5 

0.12 

0.55 

1.70 

2 

11 

Prickly  Pear  Cr. 
at  East  Helena 

7 

0.10 

0.67 

2.10 

4 

12 

Prickly  Pear  Cr. 
at  Mtn.  View  School 

7 

0.20 

0.89 

2.26 

5 

^Exceedences  were  based  on  a criterion  of  0.30  mg/1  for  domestic  water  supplies  (USEPA, 
1976)  . 
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Water -quality  overview 


Manganese 

Rationale 


As  with  iron,  manganese  may  lend  a brown  stain  to  laundry  and  objectionable 
tastes  to  beverages.  The  presence  of  iron  may  intensify  the  adverse  effects  of 
manganese.  Manganese  is  relatively  nontoxic  and  generally  not  considered  to  be 
a problem  for  freshwater  aquatic  life  (TJSEPA,  1976b) . On  acid  soils,  manganese 
has  been  found  to  be  toxic  to  a number  of  crops  at  concentrations  ranging  upward 
from  a few  tenths  of  a milligram  per  .liter  (USEPA,  1973). 

The  domestic  water  supply  criterion  for  manganese  is  0.05  mg/1  (USEPA,  1976b). 
A recommended  maximum  concentration  for  manganese  in  irrigation  waters  is  0.20 
mg/1  for  continued  use  on  all  soils  (USEPA,  1973) . 


Results 

Manganese  results  are  presented  in  Figure  5 and  Table  7. 


Interpretation 

In  a pattern  very  similar  to  that  of  iron,  manganese  exceeded  the  irrigation 
water  criterion  and  the  domestic  water  supply  criterion  at  all  stations  but  the 
uppermost  Prickly  Pear  Creek  station.  Based  on  mean  concentration,  the  most  ex- 
traordinary "hot  spot"  is: 

q Spring  Creek 

On  May  12,  1975,  manganese  at  the  Spring  Creek  station  measured  160  mg/1,  which 
was  nearly  seven  times  the  maximum  value  recorded  during  this  study  and  3200  times 
the  criterion  for  domestic  water  supplies. 
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TABLE  7 


Total  Recoverable  Manganese  (mg/1)  in  Prickly  Pear  Creek,  1979-1980 


No. 

Station 

Location 

Sample 

size 

Minimum 
value 1 

Mean 

Maximum 

value 

Number  of 
exceedences^ 

1 

Prickly  Pear  Cr. 
above  Spring  Cr. 

6 

0.000 

0.001 

0.005 

0 

2 

Spring  Cr. 
near  mouth 

6 

0.240 

6.278 

22.900 

6 

3 

Prickly  Pear  Cr. 
below  Spring  Cr. 

6 

0.020 

0.987 

2.480 

5 

4 

Warm  Springs  Cr. 
near  mouth 

5 

0.020 

0.054 

0.110 

1 

5 

Prickly  Pear  Cr. 
below  Warm  Spg.  Cr. 

5 

0.150 

0.440 

1.190 

5 

6 

Clancy  Cr. 
near  mouth 

5 

0.005 

0.100 

0.230 

2 

7 

Prickly  Pear  Cr. 
below  Clancy  Cr. 

5 

0.080 

0.380 

1.070 

5 

8 

Lump  Gulch  Cr. 
near  mouth 

5 

0.060 

0.138 

0.400 

5 

9 

Prickly  Pear  Cr. 
below  Lump  Gulch  Cr 

5 

9 

0.090 

0.304 

0.680 

5 

10 

Prickly  Pear  Cr. 
at  Montana  City 

5 

0.100 

0.276 

0.650 

5 

11 

Prickly  Pear  Cr. 
at  East  Helena 

7 

0.070 

0.281 

0.760 

7 

12 

Prickly  Pear  Cr. 
at  Mtn.  View  School 

7 

0.070 

0.223 

0.570 

7 

1 


Reported  laboratory  values  of  <0.005  mg/1  are  assumed  to  be  zero. 


^Exceedences  were  based  on  a criterion  of  0.050  mg/1  for  domestic  water  supplies  (USEPA, 
1976b) . 
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Water -quality  overview 


Nitrogen 


Rationale 

Although  nitrate  concentrations  in  excess  of  10  mg/1  may  cause  methemoglobinemia 
("blue  baby  syndrome")  in  infants,  concentrations  this  high  are  rarely  recorded  in 
surface  waters.  As  an  algal  nutrient,  however,  all  forms  of  soluble  inorganic  nit- 
rogen are  active  in  stimulating  plant  growth.  Nuisance  growths  of  aquatic  plants  in 
flowing  waters  usually  can  be  avoided  if  total  soluble  inorganic  nitrogen  remains 
below  0.35  mg/1  (Muller,  1953).  Both  nitrogen  and  phosphorus  must  be  present  in 
sufficient  quantities  before  nuisance  growths  will  develop,  hence  exceedences  for 
these  two  elements  are  considered  in  tandem. 

Nuisance  algal  growths  may  look  unsightly,  snag  fishing  lines,  reduce  dissolved 
oxygen  levels  at  night,  and  cause  taste  and  odor  problems  in  drinking  water  supplies. 
It  should  be  noted  that  much  lower  concentrations  of  nitrogen  and  phosphorus  are 
required  to  cause  algal  "blooms"  in  lakes  and  reservoirs  than  in  streams.  Hence, 
the  nutrients  discharged  by  Prickly  Pear  Creek  into  Missouri  River  reservoirs  (Lake 
Helena,  Hauser  Lake,  Hoi ter  Lake,  etc.)  will  have  a much  greater  algal  growth-sti- 
mulating effect  than  they  had  in  Prickly  Pear  Creek. 


Results 

Nitrogen  results  are  presented  in  Figure  6 and  Table  8. 


Interpretation 

In  terms  of  mean  concentration  and  total  number  of  exceedences,  the  obvious 
nitrogen  "hot  spot"  is: 

o Prickly  Pear  Creek  at  Mountain  View  School 

The  overwhelming  share  of  nitrogen  at  this  station  clearly  originates  at  the  Helena 
sewage  treatment  plant  discharge  (see  Part  v) . Lesser  quantities  may  be  contributed 
by  the  East  Helena  lagoon  and  by  agricultural  and  domestic  wastes  (fugitive  ferti- 
lizers, manure,  household  wastewater,  etc.)  generated  in  the  Helena  Valley.  Algal 
growth  in  this  lower  reach  of  Prickly  Pear  Creek  is  not  excessive  simply  because  the 
water  is  usually  turbid  and  abrasive  with  suspended  sediment  and  the  bottom  is  un- 
stable and  therefore  unsuitable  for  attached  algae  growth.  However,  the  nitrogen 
discharged  to  the  Missouri  River  via  Lake  Helena  no  doubt  stimulates  algal  growth  in 
downstream  reservoirs  and  worsens  taste  and  odor  problems  in  municipal  water  supplies 
served  by  the  Missouri  River. 
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MAIN  STEM 


TRIBUTARY 


SEVERE  PROBLEM 
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Figure  6 
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TABLE  8 


Total  Soluble  Inorganic  Nitrogen  (mg/1  C(NH^  + NH4+)  - N + (N03^..N02l Mil 

in  Prickly  Pear  Creek,  1979-1980 


No. 

Station  Sample 

T oca  t ion  size 

Minimum 

valued 

Mean 

Maximum 

value 

Number  of 
exceedences^ 

N only 

N and  P 

1 

Prickly  Pear  Cr. 
above  Spring  Cr. 

5 

0.00 

0.04 

0.08 

0 

0 

2 

Spring  Cr. 
near  mouth 

5 

0.31 

0.40 

0.48 

4 

2 

3 

Prickly  Pear  Cr. 
below  Spring  Cr. 

5 

0.09 

0.25 

0.42 

1 

0 

4 

Warm  Springs  Cr. 
near  mouth 

5 

0.05 

0.10 

0.16 

0 

0 

5 

Prickly  Pear  Cr. 
below  Warm  Spg . Cr . 

5 

0.12 

0.24 

0.38 

1 

0 

6 

Clancy  Cr. 
near  mouth 

5 

0.06 

0.17 

0.48 

1 

1 

7 

Prickly  Pear  Cr. 
below  Clancy  Cr. 

5 

0.10 

0.24 

0.36 

1 

0 

8 

Lump  Gulch  Cr . 
near  mouth 

5 

0.03 

0.14 

0.25 

0 

0 

9 

Prickly  Pear  Cr. 
below  Lump  Gulch  Cr 

5 

o 

0.08 

0.34 

0.79 

2 

0 

10 

Prickly  Pear  Cr. 
at  Montana  City 

6 

0.09 

0.24 

0.36 

1 

0 

11 

Prickly  Pear  Cr. 
at  East  Helena 

12 

0.06 

0.21 

0.36 

1 

0 

12 

Prickly  Pear  Cr. 
at  Mtn.  View  School 

12 

0.49 

2.60 

4.90 

12 

12 

^Reported  laboratory  values  of  <0.01  mg/1  for  both  nitrate  plus  nitrite  as  N and  total 
ammonia  as  N are  recorded  here  as  zero. 

^Nuisance  growths  of  aquatic  plants  in  streams  usually  can  be  avoided  if  total  phos- 
phorus is  kept  below  0.05  mg/1  (Mackenthun , 1969)  or  if  total  soluble  inorganic 
nitrogen  remains  less  than  0.35  mg/1  (Muller,  1953).  


Water -quality  overview 


Phosphorus 

Rationale 


Phosphorus  is  relatively  nontoxic  to  human  and  freshwater  aquatic  life,  but  it 
is  frequently  the  single  element  that  limits  aquatic  plant  growth  in  lakes  and 
streams.  As  an  algal  nutrient,  nuisance  growths  of  aquatic  plants  in  flowing  waters 
usually  can  be  avoided  if  total  phosphorus  is  kept  below  0.05  mg/1  (Mackenthun, 

1969).  Both  nitrogen  and  phosphorus  must  be  present  in  sufficient  quantities  before 
nuisance  growths  will  develop,  hence  exceedences  for  these  two  elements  are  con- 
sidered in  tandem. 

Nuisance  algal  growths  may  look  unsightly,  snag  fishing  lines,  reduce  dissolved 
oxygen  levels  at  night,  and  cause  taste  and  odor  problems  in  drinking  water  sup- 
plies. It  should  be  noted  that  much  lower  concentrations  of  phosphorus  and  nitrogen 
are  required  to  cause  algal  "blooms"  in  lakes  and  reservoirs  than  in  streams.  Hence, 
the  nutrients  discharged  by  Prickly  Pear  Creek  into  Missouri  River  reservoirs  (Lake 
Helena,  Hauser  Lake,  Hoi ter  Lake,  etc.)  will  have  a much  greater  algal  growth-stimu- 
lating effect  than  they  had  in  Prickly  Pear  Creek.  This  could  be  of  significant 
consequence  to  downstream  water  users,  for  example  the  City  of  Great  Falls. 


Results 


Phosphorus  results  are  presented  in  Figure  7 and  Table  9. 


Interpretation 


In  terms  of  mean  concentration  and  total  number  of  exceedences,  the  obvious 
phosphorus  "hot  spot"  is: 

o Prickly  Pear  Creek  at  Mountain  View  School 

The  overwhelming  share  of  phosphorus  at  this  station  clearly  originates  at  the  Helena 
sewage  treatment  plant  discharge  (see  Part  V) . Lesser  quantities  may  be  contributed 
by  the  East  Helena  Lagoon  and  by  agricultural  and  domestic  wastes  generated  in  the 
Helena  Valley.  Algal  growth  in  this  lower  reach  of  Prickly  Pear  Creek  is  not  exces- 
sive because  of  cloudy  water  and  an  unstable  bottom.  However,  the  large  quantities 
of  phosphorus  and  nitrogen  discharged  together  to  the  Missouri  River  no  doubt  sti- 
mulate algae  growth  in  downstream  reservoirs.  Although  plant  nutrients  are  occasion- 
ally excessive  in  Spring  Creek,  algal  growth  is  checked  by  toxic  metals.  Higher-than- 
average  nutrient  levels  in  Clancy  Creek  may  be  due  to  residential  development  with 
on-site  sewage  disposal  systems. 
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TABLE  9 


Total  Phosphorus  (mg/1)  in  Prickly  Pear  Creek,  1979-1980 


No. 

Station 

Location 

Sample 

size 

Minimum 

valuel 

Mean 

Maximum 

value 

Number  of 
exceedences  ^ 

1 

Prickly  Pear  Cr. 
above  Spring  Cr. 

5 

0.00 

0.05 

0.20 

P only 
1 

N and  P 
0 

2 

Spring  Cr. 
near  mouth 

5 

0.02 

0.05 

0.14 

2 

2 

3 

Prickly  Pear  Cr. 
below  Spring  Cr. 

5 

0.01 

0.02 

0.04 

0 

0 

4 

Warm  Springs  Cr. 
near  mouth 

5 

0.01 

0.05 

0.11 

3 

0 

5 

Prickly  Pear  Cr. 
below  Warm  Spg.  Cr. 

5 

0.02 

0.04 

0.06 

1 

0 

6 

Clancy  Cr. 
near  mouth 

5 

0.02 

0.10 

0.16 

3 

1 

7 

Prickly  Pear  Cr. 
below  Clancy  Cr. 

5 

0.02 

0.04 

0.08 

2 

0 

8 

Lump  Gulch  Cr. 
near  mouth 

5 

0.01 

0.05 

0.10 

2 

0 

9 

Prickly  Pear  Cr. 
below  Lump  Gulch  Cr 

5 

• 

0.02 

0.04 

0.08 

2 

0 

10 

Prickly  Pear  Cr. 
at  Montana  City 

6 

0.01 

0.04 

0.08 

2 

0 

11 

Prickly  Pear  Cr. 
at  East  Helena 

12 

0.02 

0.05 

0.12 

5 

0 

12 

Prickly  Pear  Cr. 
at  Mtn.  View  School 

12 

0.19 

0.86 

1.60 

12 

12 

^Reported  laboratory  values  of  <0.01  mg/1  are  assumed  to  be  zero. 

^Nuisance  growths  of  aquatic  plants  in  streams  usually  can  be  avoided  if  total  phosphorus 
is  kept  below  0.05  mg/1  (Mackenthun,  1969)  or  if  total  soluble  inorganic  nitrogen  re- 
mains less  than  0.35  mg/1  (Muller,  1953) . 


Parameters  affecting 
fish  and  other  aquatic  life 


Water -quality  overview 


Sediment 

Rationale 


Inorganic  sediment — including  clay,  sand  and  silt  particles — originates  from 
streambank  erosion,  placer  mining,  mine  waste  dumps,  gravel  washing,  and  loose  soils 
from  unprotected  croplands,  highway  construction  and  building  projects.  Both  bed- 
load and  suspended  sediment  adversely  affect  fisheries  by  covering  the  bottom  of  a 
stream  or  lake  with  a blanket  of  material  that  destroys  the  bottom  fauna  and  the 
spawning  grounds  of  fish.  Sediment  also  may  clog  sprinkler  nozzles  and  create  main- 
tenance problems  with  irrigation  pumps  and  headgates. 

Good  or  moderate  fisheries  can  be  maintained  in  waters  that  normally  contain  25 
to  80  mg/1  suspended  solids,  but  the  yield  of  fish  might  be  lower  than  in  waters 
containing  25  mg/1  or  less.  Waters  normally  containing  80  to  400  mg/1  suspended 
solids  are  unlikely  to  support  good  freshwater  fisheries  (FWPCA,  1968) . 


Results 


Sediment  results  are  presented  in  Figure  8 and  Table  10.  In  addition,  the 
following  results  will  approximate  a "worst-case  scenario"  for  Spring  Creek  and  the 
reach  of  Prickly  Pear  Creek  immediately  downstream  from  Spring  Creek.  On  May  12, 
1975,  when  Spring  Creek  discharged  an  estimated  20  cfs  and  Prickly  Pear  Creek  above 
Spring  Creek  carried  an  estimated  100  cfs,  these  suspended  sediment  values  were 
recorded : 


Station  Suspended  Sediment  (mg/1) 


No. 

Location 

1 

Prickly  Pear  Cr.  above 

Spring  Cr. 

150 

2 

Spring  Cr.  near  mouth 

7830 

3 

Prickly  Pear  Cr.  below 

Spring  Cr. 

4090 

Interpretation 

Three  sediment  "hot  spots"  are  evident  from  mean  values  and  number  of  exceed- 
ences : 


o Spring  Creek 
o Clancy  Creek 

o Prickly  Pear  Creek  at  Mountain  View  School 

Sediment  problems  in  Spring  Creek  and  Clancy  Creek  stem  mainly  from  historical  hard 
rock  and  placer  mining  activities.  Similarly,  sediment  loads  in  much  of  the  upper 
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Figure  8 


Sediment 


LEVEL  AT  WHICH  FISH  AND 
AQUATIC  LIFE  ARE  THREATENED 


l •' 


Prickly  Pear  Creek  drainage  (from  Spring  Creek  to  Montana  City)  are  due  in  large 
part  to  hydrologic  instability  brought  on  by  old  placer  workings,  highway  and  rail- 
road placement,  and  grazing  activities.  The  sediment  problem  in  lower  Prickly 
Pear  Creek  is  due  mostly  to  eroding  streambanks  and  resuspension  of  fine  particles 
off  the  stream  bottom.  In  past  years,  Asarco's  practice  of  flushing  sediment  from 
their  dam  on  Prickly  Pear  Creek  during  low  flows  resulted  in  periodic  episodes  of 
severe  bedload  and  suspended  sediment  pollution  from  East  Helena  downstream.  One 
such  episode  occurred  during  this  study  but  the  practice  of  untimely  sediment  re- 
leases has  been  discontinued  (see  Part  IV).  Sediment  captured  behind  Asarco ' s 
dam  and  ultimately  released  downstream  may  originate  from  as  far  upstream  as  Spring 
Creek . 
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TABLE  10 


Total  Suspended  Sediment  (mg/1) 


No. 

Station 

Location 

Sample 

size 

Minimum 

value 

1 

Prickly  Pear  Cr. 
above  Spring  Cr. 

6 

2.7 

2 

Spring  Cr. 
near  mouth 

6 

6.1 

3 

Prickly  Pear  Cr. 
below  Spring  Cr. 

6 

1.5 

4 

Warm  Springs  Cr. 
near  mouth 

5 

6.0 

5 

Prickly  Pear  Cr. 
below  Warm  Spg.  Cr. 

5 

5.5 

6 

Clancy  Cr. 
near  mouth 

5 

6.3 

7 

Prickly  Pear  Cr. 
below  Clancy  Cr. 

5 

6.3 

8 

Lump  Gulch  Cr. 
near  mouth 

5 

6.3 

9 

Prickly  Pear  Cr. 
below  Lump  Gulch  Cr 

5 

a 

6.3 

10 

Prickly  Pear  Cr. 
at  Montana  City 

5 

3.6 

11 

Prickly  Pear  Cr. 
at  East  Helena 

11 

4.0 

12 

Prickly  Pear  Cr. 
at  Mtn.  View  School 

11 

5.7 

in  Prickly  Pear  Creek,  1979-1980 


Mean 

Maximum 

value 

Number  of 
exceedences  1 

5.7 

7.2 

25  mg/1 
0 

80  mg/1 
0 

48.2 

97.6 

4 

2 

5.7 

10.2 

0 

0 

31.3 

106.0 

1 

1 

23.7 

66.0 

1 

0 

44.9 

104.0 

2 

2 

27.0 

71.0 

2 

0 

25.6 

58.2 

2 

0 

37.7 

83.8 

3 

1 

25.0 

56.2 

2 

0 

22.7 

71.3 

4 

0 

38.7 

86.6 

7 

2 

^Fisheries  can  be  maintained  in  waters  that  contain  25  to  80  mg/1  suspended  solids, 
but  the  yield  of  fish  might  be  lower  than  in  waters  containing  25  mg/1  or  less. 
Waters  carrying  more  than  80  mg/1  suspended  solids  are  unlikely  to  support  good 
freshwater  fisheries  (FWPCA,  1968) . 
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Water -quality  overview 


Ammonia 

Rationale 


Ammonia  as  a pollutant  most  commonly  originates  from  the  incomplete  oxidation 
of  municipal  wastewaters.  The  un- ionized  fraction  (NH3)  of  the  total  ammonia  com- 
plement (NH3  + NH4+)  is  highly  toxic  to  fish  and  other  aquatic  life.  The  relative 
abundance  of  the  un-ionized  component  is  directly  related  to  the  temperature  and 
pH  of  the  water. 

For  cold  water  (salmonid)  fish,  the  ammonia  criterion  is  expressed  as  0.016 
mg/1  un-ionized  ammonia  nitrogen  (NH3-N)  (USEPA,  1976b;  Thurston  et  al. , 1979). 


Results 


Ammonia  results  are  presented  in  Figure  9 and  Table  11. 


Interpretation 

The  only  ammonia  "hot  spot"  is: 

o Prickly  Pear  Creek  at  Mountain  View  School 

It  is  very  likely  that  ammonia  is  restricting  the  growth  and  propagation  of  fish  and 
other  aquatic  life  in  Prickly  Pear  Creek  from  the  point  of  entry  of  the  Helena  sewage 
treatment  plant  discharge  downstream  to  Lake  Helena.  Together  with  the  dewatering 
problem,  it  is  the  primary  reason  that  this  reach  of  the  stream  is  not  recognized  as 
having  a fishery  potential  and  is  classified  as  being  fit  for  industrial  and  agri- 
cultural use  only  (see  Appendix  A and  Part  V) . 
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TABLE  11 


TABLE  11  Total  Ammonia  (mg/1 

NH 3 + NH4+ 

- N)  in 

Prickly  Pear 

Creek,  1979-1980 

No. 

Station 

Location 

Sample 

size 

Minimum 

value 

Mean 

Maximum 

value 

Number  of 
exceedencesl 

1 

Prickly  Pear  Cr. 
above  Spring  Cr. 

5 

0.00 

0.01 

0.03 

0 

2 

Spring  Cr. 
near  mouth 

5 

0.00 

0.01 

0.04 

0 

3 

Prickly  Pear  Cr. 
below  Spring  Cr. 

5 

0.00 

0.00 

0.02 

0 

4 

Warm  Springs  Cr. 
near  mouth 

5 

0.00 

0.02 

0.05 

0 

5 

Prickly  Pear  Cr. 
below  Warm  Spg.  Cr. 

5 

0.00 

0.01 

0.04 

0 

6 

Clancy  Cr. 
near  mouth 

5 

0.00 

0.05 

0.26 

0 

7 

Prickly  Pear  Cr. 
below  Clancy  Cr. 

5 

0.00 

0.01 

0.04 

0 

8 

Lump  Gulch  Cr. 
near  mouth 

5 

0.00 

0.02 

0.05 

0 

9 

Prickly  Pear  Cr. 
below  Lump  Gulch  Cr 

5 

• 

0.00 

0.02 

0.11 

0 

10 

Prickly  Pear  Cr. 
at  Montana  City 

6 

0.00 

0.01 

0.02 

0 

11 

Prickly  Pear  Cr. 
at  East  Helena 

12 

0.00 

0.01 

0.07 

0 

12 

Prickly  Pear  Cr. 
at  Mtn.  View  School 

12 

0.09 

1.71 

3.30 

4 

^Exceedences  were  based  on  a criterion  of  0.016  mg/1  un-ionized  ammonia  nitrogen 
(USEPA,  1976b) . This  criterion  is  designed  to  protect  cold  water  fish.  Un-ionized 
ammonia  nitrogen  (NH3  - N)  was  calculated  from  total  ammonia  nitrogen  (fNH-^  + NH4+3 
- N)  by  applying  the  appropriate  conversion  factor  from  Table  2 in  Thurston,  et  al. 
(1974)  . 
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Water-quality  overview 


Copper 


Rationale 


Copper  is  a soft  heavy  metal  that  is  ubiquitous  in  the  rocks  and  minerals  of 
the  earth's  crust.  In  nature,  copper  occurs  usually  as  sulfides  and  oxides  and 
occasionally  as  metallic  copper.  Weathering  and  solution  of  these  natural  copper 
minerals  results  in  background  levels  of  copper  in  natural  surface  waters  of  well 
below  20  ug/1.  Higher  concentrations  of  copper  usually  result  from  human  activi- 
ties. 

Copper  is  far  more  toxic  to  aquatic  life,  particularly  aquatic  plant  life, 
than  to  human  beings  and  other  warm-blooded  animals.  Copper  toxicity  varies  with 
the  water's  hardness.  As  a rule  of  thumb,  copper  should  not  exceed  5.6  ug/1  as  a 
24-hour  average  concentration  in  order  to  assure  protection  of  freshwater  aquatic 
life  (USEPA,  1980b) . 

As  a constituent  of  drinking  water,  copper  imparts  an  undesirable  taste  at 
higher  concentrations.  A water  supply  criterion  has  been  set  at  1 mg/1  (1,000  ug/1) 
(USPHS,  1962).  Recommended  maximum  concentrations  of  copper  for  livestock  watering 
and  irrigation  are  500  ug/1  and  200  ug/1,  respectively  (USEPA,  1973) . 


Results 


Copper  results  are  presented  in  Figure  10  and  Table  12.  On  May  12,  1975,  Spring 
Creek  delivered  8,000  ug/1  of  copper  to  upper  Prickly  Pear  Creek,  approximating  a 
"worst  case  scenario".  On  that  date,  copper  in  Prickly  Pear  Creek  jumped  from  70 
ug/1  immediately  above  Spring  Creek  to  4,600  ug/1  below  Spring  Creek.  The  somewhat 
elevated  upstream  value  might  have  been  due  to  runoff  from  mined  areas  up  Golconda 
Gulch . 


Interpretation 

On  the  basis  of  mean  values  and  exceedences,  only  one  source  contributes  appre- 
ciably to  the  copper  problem  in  Prickly  Pear  Creek: 

° Spring  Creek 

Excessive  copper  is  a product  of  mine  wastes  and  acid-mine  drainage  in  the  Spring 
Creek  watershed  (Part  III).  Excessive  copper  values  and  exceedences  recorded 
elsewhere  along  the  mainstem  of  Prickly  Pear  Creek  represent  residual  copper  de- 
rived from  Spring  Creek,  much  of  it  associated  with  bedload  and  suspended  sediment 
particles. 
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TABLE  12  Total  Recoverable  Copper  (ug/1)  in  Prickly  Pear  Creek , 1979-1980 


Station  Sample  Minimum 


No. 

Location 

size 

value! 

1 

Prickly  Pear  Cr. 
above  Spring  Cr. 

6 

0 

2 

Spring  Cr. 
near  mouth 

6 

0 

3 

Prickly  Pear  Cr. 
below  Spring  Cr. 

6 

0 

4 

Warm  Springs  Cr. 
near  mouth 

5 

0 

5 

Prickly  Pear  Cr. 
below  Warm  Spg.  Cr. 

5 

0 

6 

Clancy  Cr. 
near  mouth 

5 

0 

7 

Prickly  Pear  Cr. 
below  Clancy  Cr. 

5 

0 

8 

Lump  Gulch  Cr. 
near  mouth 

5 

0 

9 

Prickly  Pear  Cr. 
below  Lump  Gulch  Cr. 

5 

0 

10 

Prickly  Pear  Cr. 
at  Montana  City 

5 

0 

11 

Prickly  Pear  Cr. 
at  East  Helena 

7 

0 

12 

Prickly  Pear  Cr. 
at  Mtn.  View  School 

7 

0 

Mean 

Maximum 

value 

Number  of 
exceedences^ 

0 

10 

0 

290 

1,000 

5 

30 

110 

3 

0 

10 

0 

20 

50 

2 

10 

30 

1 

20 

50 

2 

0 

10 

0 

0 

10 

0 

10 

20 

1 

10 

50 

2 

10 

40 

2 

^Reported  laboratory  values  of  <0.01  mg/1  (<10  ug/1)  are  assumed  to  be  zero. 

^The  criterion  to  protect  freshwater  aquatic  life  varies  with  hardness  and  may  be 
calculated  using  the  formula  e(^*94  fin  (hardness)J  - 1.23)  (USEPA,  1980b). 
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Water -quality  overview 


Zinc 

Rationale 


Zinc  is  a heavy  metal  that  is  never  found  free  in  nature,  but  occurs  as  a sul- 
fide, oxide  or  carbonate.  Most  of  the  zinc  in  aquatic  environments  is  attached  to 
bedload  and  suspended  sediment  particles.  Zinc  readily  dissolves  in  strong  acids 
and  is  therefore  prominent  in  acid-mine  discharges. 

Like  copper,  zinc  is  far  more  toxic  to  aquatic  life  than  to  people  and  warm- 
blooded animals.  Similarly,  zinc  toxicity  varies  with  water  hardness;  the  lower 
the  hardness,  the  greater  is  the  toxicity  of  zinc.  As  a rule  of  thumb,  zinc 
should  not  exceed  47  ug/1  as  a 24-hour  average  concentration  in  order  to  assure 
protection  of  freshwater  aquatic  life  (USEPA,  1980d) . 

As  a constituent  of  drinking  water,  zinc  imparts  an  undesirable  taste  and  odor 
at  higher  concentrations.  A water  supply  criterion  has  been  set  at  5 mg/1  (5,000 
ug/1)  (USPHS,  1962) . Recommended  maximum  concentrations  of  zinc  for  livestock 
watering  and  irrigation  are  25  mg/1  and  2.0  mg/1,  respectively  (USEPA,  1973) . 


Results 


Zinc  results  are  presented  in  Figure  11  and  Table  13.  On  May  12,  1975,  Spring 
Creek  delivered  112,000  ug/1  of  zinc  to  upper  Prickly  Pear  Creek,  approximating  a 
"worst  case  scenario".  On  that  date,  zinc  in  Prickly  Pear  Creek  jumped  from  50  ug/1 
immediately  above  Spring  Creek  to  55,000  ug/1  below  Spring  Creek.  The  somewhat 
elevated  upstream  value  might  have  been  due  to  runoff  from  mined  areas  up  Golconda 
Gulch . 


Interpretation 

On  the  basis  of  mean  values  and  exceedences,  only  one  source  contributes  signi- 
ficantly to  the  zinc  problem  in  Prickly  Pear  Creek: 

a Spring  Creek 

Excessive  zi.nc  is  a product  of  mine  wastes  and  acid-mine  drainage  in  the  Spring 
Creek  watershed  (Part  III) . Other  tributaries  were  relatively  free  of  this  pol- 
lutant. Excessive  zinc  values  and  exceedences  recorded  elsewhere  along  the  main- 
stream of  Prickly  Pear  Creek  represent  residual  zinc  derived  from  Spring  Creek, 
much  of  it  associated  with  bedload  and  suspended  sediment  particles. 
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Figure  1 1 

Zinc 


1 


i 


X 


TABLE  13 


Total  Recoverable  Zinc  (ug/1)  in  Prickly  Pear  Creek , 1979-1980 


No. 

Station  Sample 

Location  size 

Minimum 

valuel 

Mean 

Maximum 

value 

Number  of 
exceedences* 2 

1 

Prickly  Pear  Cr. 
above  Spring  Cr. 

6 

0 

0 

0 

0 

2 

Spring  Cr. 
near  mouth 

6 

410 

5,520 

18,600 

5 

3 

Prickly  Pear  Cr. 
below  Spring  Cr. 

6 

330 

950 

2,150 

5 

4 

Warm  Springs  Cr. 
near  mouth 

5 

20 

80 

230 

1 

5 

Prickly  Pear  Cr. 
below  Warm  Spg.  Cr. 

5 

220 

440 

1,030 

3 

6 

Clancy  Cr. 
near  mouth 

5 

20 

90 

210 

0 

7 

Prickly  Pear  Cr. 
below  Clancy  Cr. 

5 

180 

380 

880 

2 

8 

Lump  Gulch  Cr. 
near  mouth 

5 

0 

10 

20 

0 

9 

Prickly  Pear  Cr. 
below  Lump  Gulch  Cr, 

5 

■ 

180 

330 

610 

2 

10 

Prickly  Pear  Cr. 
at  Montana  City 

5 

150 

290 

570 

1 

11 

Prickly  Pear  Cr. 
at  East  Helena 

6 

100 

180 

390 

1 

12 

Prickly  Pear  Cr. 
at  Mtn.  View  School 

6 

30 

120 

340 

1 

Reported  laboratory  values  of  <0.005  mg/1  «5  ug/1)  are  assumed  to  be  zero. 

2The  criterion  to  protect  freshwater  aquatic  life  varies  with  hardness  and  may  be 
calculated  using  the  formula  e(0*83  [In  (hardness)]  + 1.95)  (USEPA,  1980d) . 


45 


Water -quality  overview 


Diatoms 

Rationale 


Diatoms  are  microscopic  one-celled  plants  that  live  on  the  bottom  of  Prickly 
Pear  Creek  and  all  other  Montana  streams.  As  plants,  they  are  capable  of  using 
sunlight  to  energize  the  conversion  of  carbon  dioxide  and  minerals  into  proteins, 
carbohydrates,  and  other  compounds  essential  to  growth. 

The  practical  value  of  diatoms  in  streams  is  that  they  are  the  primary  food 
source  of  certain  small  "bugs"  or  aquatic  macro invertebrates,  which  in  turn  are 
eaten  by  fish.  Some  stonefly  larvae  will  graze  on  diatoms  much  the  same  way  that 
cows  will  graze  range  grass.  Diatoms  also  help  streams  recover  from  pollution  by 
liberating  oxygen  and  assimilating  certain  noxious  substances  like  ammonia. 

Healthy  diatom  communities  generally  have  a large  number  of  different  kinds 
with  no  one  kind  dominating.  Such  a healthy  community  is  said  to  have  a high  di- 
versity. When  subject  to  pollution,  diatom  communities  lose  diversity  in  proportion 
to  the  degree  of  pollution  as  the  more  sensitive  kinds  drop  out.  In  extreme  cases,  a 
diatom  community  will  be  dominated  by  just  a few  kinds  and  diversity  will  be  very  low. 

A measure  of  diversity  commonly  used  to  describe  aquatic  communities  is  the 
diversity  index.  One  of_the  most  popular  and  useful  of  these  indexes  is  the 
Shannon-Weaver  Index  or  d (Weber,  1973).  For  diatoms,  community  health  and  thereby 
water  quality  are  generally  reflected  by  the  following  ranges  of  d values  (Bahls 
et  al. , 1979) : 


Diversity 


Water  Quality 


>4.50 

3.50  - 4.50 

2.50  - 3.50 


Excellent 

Good 

Fair 


<2.50 


Poor 


Results 


Diatom  diversity  results  are  presented  in  Figure  12  and  Table  14. 


Interpretation 

Although  only  five  mainstem  Prickly  Pear  Creek  stations  were  examined  for  dia- 
toms, it  is  clear  that  the  one  source  of  pollution  having  the  most  devastating 
effect  on  the  aquatic  flora  is: 

a Spring  Creek 

Diatom  diversity  and  water  quality  were  best  above  Spring  Creek  and  worst  below 
Spring  Creek.  At  Montana  City  the  diatom  community  had  recovered  substantially 
but  below  East  Helena  it  was  once  again  put  under  considerable  stress,  reflecting 


46 


r — 

Lake  Helena 


Heteaa  raws* 


* Figure  12 

Diatoms 


Clancy 


ID-* 


East  Helena 


Aiarco 


Katetr 


Montana  City 


\ 


pollution  from  the  Asarco  East  Helena  facility,  the 
and  perhaps  many  smaller  sources.  Problems  origii 
been  corrected  or  mitigated  but  the  Helena 


Hele 


■r 


sewage 


t i 


large  and 


shifting, 


habitat  for  diatoms  and  other  living  things. 


sek  a poor 


48 


TABLE  14  Diversity-^-  of  Diatoms  in  Pr ickly  Pear  Creek , 1979 


No. 

Station 

Location 

Sample 

size 

Minimum 

value 

Mean 

Maximum 

value 

Water  Quality 2 

1 

Prickly  Pear  Cr. 
above  Spring  Cr. 

3 

4.07 

4.30 

4.68 

Good  to 
Excellent 

3 

Prickly  Pear  Cr. 
below  Spring  Cr. 

4 

0.55 

1.84 

2.36 

Poor 

10 

Prickly  Pear  Cr. 
at  Montana  City 

4 

2.75 

3.27 

3.59 

Fair  to 
Good 

11 

Prickly  Pear  Cr. 
at  East  Helena 

3 

1.52 

2.99 

3.73 

Poor  to 
Good 

12 

Prickly  Pear  Cr. 
at  Mtn.  View  School 

4 

1.28 

2.69 

3.57 

Poor  to 
Good 

-4?he  formula  for  diatom  species  diversity  is: 
d = | (N  log1Q  N -lnj_  log10  ni) 

where  C = 3.321928;  N = total  number  of  individuals;  and  n-j_  = total  number  of  individuals 
in  the  j_th  species  (Weber,  1973). 

^Generally,  water  quality  may  be  related  to  diatom  diversity  values  in  the  following 
manner : 


Diversity 


Water  Quality 


>4.50 

3.50  - 4.50 

2.50  - 3.50 


Excellent 

Good 

Fair 


<2.50 


Poor 


(Bahls  et  al.,  1979). 
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Water-quality  overview 


Macroinvertebrates 

Rationale 


Macroinvertebrates  are  little  animals  without  backbones  that  live  in  water. 
Most  are  the  immature  stages  of  insects  that  spend  their  adult  lives  out  of  the 
water.  The  practical  value  of  macroinvertebrates  is  the  linkage  they  provide 
between  consumers  (fish)  and  producers  (diatoms)  in  aquatic  ecosystems.  Fish 
eat  macroinvertebrates  and  macroinvertebrates  eat  diatoms,  but  fish  don't  eat 
diatoms.  Thus  without  this  central  link  in  the  food  chain,  fish  would  starve 
even  if  diatoms  grew  luxuriantly. 

Healthy  macroinvertebrate  communities  generally  have  a large  number  of  dif- 
ferent kinds  with  no  one  kind  dominating.  Such  a healthy  community  is  said  to 
have  a high  diversity.  When  subject  to  pollution,  macroinvertebrate  communities 
will  lose  diversity  in  proportion  to  the  degree  of  pollution  as  more  sensitive 
forms  drop  out.  In  extreme  cases,  a macroinvertebrate  community  will  be  dominated 
by  just  a few  different  kinds  and  diversity  will  be  very  low. 

A measure  of  diversity  commonly  used  to  describe  aquatic  communities  is  the 
diversity  index.  One  of_the  most  popular  and  useful  of  these  indexes  is  the 
Shannon-Weaver  Index  or  d (Weber,  1973).  For  macroinvertebrates,  community 
health  and  thereby  water  quality  are  generally  reflected  by  the  following  ranges 
of  d values  (Bahls  et  al. , 1979) : 

Diversity 
>3.50 

2.50  - 3.50 

1.50  - 2.50 
<1.50 


Water  Quality 

Excellent 

Good 

Fair 

Poor 


Results 


Macroinvertebrate  diversity  results  are  presented  in  Figure  13  and  Table  15. 


Interpretation 

As  with  the  diatoms,  the  single  source  of  pollution  having  the  most  profound 
effect  on  the  macroinvertebrate  community  is: 

a Spring  Creek 

Mean  macroinvertebrate  diversity  drops  by  a third  from  above  to  below  Spring  Creek 
due  to  a combination  of  heavy  metals  and  sediment  pollution.  The  residuals  from 
Spring  Creek  together  with  perturbations  along  the  mainstem  of  Prickly  Pear  Creek 
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foster  an  even  less  healthy  diversity  at  Montana  City.  From  here  downstream  the 
macroinvertebrate  community  recovers  but  little  and  never  regains  its  full  poten- 
tial. Both  the  macroinvertebrate  and  diatom  results  suggest  that  the  multiple 
pollution  sources  from  Spring  Creek  downstream  preclude  either  community  from 
attaining  total  recovery  and  some  semblance  of  the  biological  health  enjoyed  by 
Prickly  Pear  Creek  in  its  headwaters. 

Macroinvertebrate  diversity  is  clearly  less  affected  by  Spring  Creek  pollution 
than  is  diatom  diversity.  Diatoms  and  other  algae  may  be  more  sensitive  to  heavy 
metals,  particularly  copper,  which  is  the  active  ingredient  in  certain  commercial 
algaecides.  Populations  of  macroinvertebrate  species  tend  to  be  more  uniformly 
reduced  in  the  face  of  metals  pollution  than  populations  of  diatoms,  which  tend 
to  be  more  differentially  sensitive  to  or  tolerant  of  heavy  metals.  Finally, 
macroinvertebrates  can  repopulate  poisoned  reaches  quickly  by  natural  downstream 
drift  from  unaffected  reaches.  Diatoms,  many  of  which  are  permanently  attached 
to  the  substrate,  are  not  nearly  as  mobile. 


* 
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TABLE  15 


Diversity1  of  Macroinvertebrates  in  Pr ickly  Pear  Creek,  1979-1980 


No. 

Station 

Location 

Sample 

size^ 

Minimum 

value 

Mean 

Maximum 

value 

Water  Quality 3 

1 

Prickly  Pear  Cr. 
above  Spring  Cr. 

5 

3.78 

4.22 

4.51 

Excellent 

3 

Prickly  Pear  Cr. 
below  Spring  Cr. 

12 

2,49 

2.90 

3.53 

Fair  to 
Excellent 

10 

Prickly  Pear  Cr, 
at  Montana  City 

11 

1.93 

2.71 

3.46 

Fair  to 
Good 

11 

Prickly  Pear  Cr. 
at  East  Helena 

19 

2.23 

3.01 

3.50 

Fair  to 
Good 

12 

Prickly  Pear  Cr. 
at  Mtn.  View  School 

20 

2.36 

3.07 

3.79 

Fair  to 
Good 

^The  formula  for  macroinvertebrate  genus  diversity  is: 
d = § (N  log10  N -£ni  log10  n-jj 

where  C = 3.321928;  N = total  number  of  individuals;  and  n-j_  = total  number  of  individuals 
in  the  ]_th  genus  (Weber,  1973). 

2sample  size  may  include  up  to  nine  replicate  samples  taken  on  a given  date  at  a given 
station. 

^Generally,  water  quality  may  be  related  to  macroinvertebrate  diversity  values  in  the 
following  manner: 


Diversity 


Water  Quality 


>3.50 

2.50  - 3.50 

1.50  - 2.50 
<1.50 


Excellent 

Good 

Fair 

Poor 


(Bahls  et  al.,  1979). 
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Summary,  conclusions 
and  recommendations 


Summary  and  conclusions 


A summary  of  criteria  exceedences  at  all  stations  along  Prickly  Pear  Creek  is 
presented  in  Table  16.  Based  on  the  eleven  chemical/physical  parameters  covered 
in  this  report.  Table  16  indicates  the  relative  suitability  or  fitness  of  water  at 
each  station  for  the  uses  indicated. 

Each  number  in  Table  16  represents  the  number  of  times  a criterion  for  a given 
parameter  was  exceeded  by  a measured  value  for  that  parameter,  expressed  as  a per- 
centage of  all  possible  criterion/value  comparisons.  For  example,  the  measured 
parameter  value  exceeded  the  criterion  for  that  parameter  in  twelve  of  the  sixteen 
possible  criterion/value  pairs  among  the  three  public  health  related  parameters  at 
Station  2,  giving  an  exceedence  percentage  of  75  percent.  The  overall  or  "All 
Uses"  exceedence  percentage  considered  all  possible  criterion/value  pairs,  even 
though  a single  parameter  value  may  have  been  paired  with  up  to  four  criteria  for 
that  parameter  at  a given  station. 

The  following  conclusions  may  be  drawn  from  this  summary  analysis: 

1.  The  most  severe  water  pollution  problem  in  the  Prickly  Pear  Creek  drainage 
is  Spring  Creek. 

2.  Spring  Creek  has  a significant  impact  on  the  water  quality  of  Prickly  Pear 
Creek  below  their  confluence. 

3.  Among  mainstem  stations  on  Prickly  Pear  Creek,  water  quality  is  best  above 
Spring  Creek  and  worst  at  Mountain  View  School  below  the  Helena  sewage 
treatment  plant  discharge. 

4.  Below  Spring  Creek,  water  quality  in  Prickly  Pear  Creek  is  best  at  Montana 
City  but  it  never  fully  recovers  to  its  headwaters  condition. 

5.  The  poor  water  quality  situation  in  Prickly  Pear  Creek  caused  by  pollutants 
discharged  from  Spring  Creek  is  not  appreciably  worsened  by  pollutants 
picked  up  from  the  other  major  tributaries  or  along  the  mainstem. 

6.  In  descending  order  of  severity,  the  water  uses  impaired  or  potentially 

impaired  by  pollution  in  the  Prickly  Pear  Creek  drainage  are:  aesthetics, 

public  health,  aquatic  life,  irrigation,  and  stock  watering. 
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TABLE  16  Percent  Criteria  Exceedences  for  Different  Water  Uses,  Prickly  Pear  Creek, 
19 7 9-1 9 8U 


Station 

No. 

All 

Uses 

Public 

Health 

Aesthetics 

Irrigation 

Stock 

Water 

Aquatic 

Life 

1 

1 

0 

3 

0 

0 

0 

2 

46 

75 

59 

47 

18 

44 

3 

17 

0 

29 

18 

0 

23 

4 

8 

7 

23 

0 

0 

9 

5 

16 

7 

33 

13 

0 

17 

6 

12 

13 

27 

3 

0 

11 

7 

15 

7 

33 

10 

0 

14 

8 

11 

7 

37 

3 

0 

3 

9 

16 

7 

40 

13 

0 

11 

10 

13 

7 

33 

10 

0 

8 

11 

16 

20 

33 

12 

0 

9 

12 

31 

50 

71 

7 

4 

19 

Parameters 
and  Criteria 

Turbidity 

5 TU 

Arsenic 

50  ug/1 

100  ug/1 

200  ug/1 

440  ug/1 

Lead 

50  ug/1 

5,000  ug/'l 

100  ug/1 

* 

Iron 

0.3  mg/1 

5.0  mg/1 

1.0  mg/1 

Manganese 

0.05  mg/1 

0.2  mg/1 

Nitrogen 

0.35  mg/1 

Phosphorus 

0.05  mg/1 

Sediment 

80  mg/1 

Ammonia 

0.016  mg/1 

Copper 

1.0  mg/1 

0.2  mg/1 

0.5  mg/1 

* 

Zinc 

5.0  mg/1 

2.0  mg/1 

5 mg/1 

* 

*Cr iter ion  depends  on  hardness 
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Recommendations 


The  following  general  order  of  priorities  for  pollution  abatement  in  the 
Prickly  Pear  Creek  drainage  appears  to  be  consistent  with  the  findings  of  this 
overview  study: 

1.  Stabilize  or  remove  significant  sources  of  sediment  and  heavy  metals  in 
the  Spring  Creek  drainage. 

2.  Improve  wastewater  treatment  at  the  Helena  sewage  treatment  plant  in  order 
to  reduce  the  concentrations  of  un-ionized  ammonia  and  other  pollutants 
discharged  to  lower  Prickly  Pear  Creek. 

3.  Stabilize  significant  sediment  sources  along  Warm  Springs  Creek,  Clancy 
Creek  and  Lump  Gulch  Creek. 

4.  Stabilize  significant  sediment  sources  along  the  mainstem  of  Prickly  Pear 
Creek  above  East  Helena. 

5.  Stabilize  significant  sediment  sources  along  the  mainstem  of  Prickly  Pear 
Creek  below  East  Helena. 

6.  Ensure  that  efforts  to  control  untimely  sediment  flushing  and  fugitive  dis- 
charges from  the  £sarco  East  Helena  facility  are  carefully  maintained. 

7.  Investigate,  and  control  as  necessary,  other  possible  sources  of  pollution 
to  Prickly  Pear  Creek,  including  urban  stormwater  runoff  from  Helena  and 
East  Helena,  the  East  Helena  lagoon  discharge,  irrigation  return  flows, 
animal  confinement  facilities,  and  on-site  sewage  disposal  systems. 

Although  not  specifically  addressed  by  this  water  quality  overview,  the  sea- 
sonal dewatering  of  lower  Prickly  Pear  Creek  clearly  aggravates  an  already  critical 
water  quality  situation  and  precludes  the  establishment  of  a viable  fishery.  The 
rewatering  of  lower  Prickly  Pear  Creek  should  be  an  integral  part  of  any  pollution 
abatement  program  for  this  stream  and  efforts  to  achieve  this  goal  should  keep  pace 
with  the  pollution  control  efforts  recommended  above. 
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Appendix  A 


Appendix  A.  Existing  water-use  classifications  for  Prickly  Pear  Creek  and  its 
tributaries  (Administrative  Rules  of  Montana,  9/30/80,  16-885) 


McClellan  Creek  drainage  to  the  East  Helena  water  supply  intake  and  Ten  Mile  Creek 

drainage  to  the  Helena  water  supply  intake  A-l.  Waters  classified 

A-l  are  suitable  for  drinking,  culinary  and  food  processing  purposes  after 
conventional  treatment  for  removal  of  naturally  present  impurities. 

Mainstem  Prickly  Pear  Creek  above  the  Montana  Highway  No.  433  crossing  about  one 

mile  northwest  of  East  Helena  and  all  tributaries  of  Prickly  Pear  Creek  except 

those  portions  named  above  B-l.  Waters  classified  B-l  are  suitable 

for  drinking,  culinary  and  food  processing  purposes  after  conventional  treat- 
ment; bathing,  swimming  and  recreation;  growth  and  propagation  of  salmonid 
fishes  and  associated  aquatic  life,  waterfowl  and  furbearers;  and  agricultural 
and  industrial  water  supply. 

Mainstem  Prickly  Pear  Creek  from  the  Montana  Highway  No.  433  crossing  about  one 

mile  northwest  of  East  Helena  to  Lake  Helena E.  Waters  classified  E 

are  suitable  for  agricultural  and  industrial  water  uses  other  than  food  proces- 
sing. 


62 


Part  II 


Prickly  Pear  Creek 
Streambank  Physical  Features 
Inventory 


Water  Quality  Bureau 

Department  of  Health  § Environmental  Sciences 


June  1981 


Contact  person:  Ken  Chrest,  449-2406 


What  we  found 


The  Prickly  Pear  Streambank  Physical  Features  Inventory  was  conducted  during  the 
first  two  weeks  of  August,  1980.  The  inventory  surveyed  164,310  feet  of  stream  (more 
than  31  miles)  and  found: 

o 127,122  feet  of  streambank  alterations  (this  total  includes  both  the  right 
and  left  banks) 

o 37,163  feet  of  blanket  riprap 
o 5 rock  jetties 
a 58  car  bodies 

o 6,693  feet  of  river  gravel  moved  by  machinery 

o 2,276  feet  of  other  alterations  (fencelines,  dredge  tailings,  etc.) 
o 22  irrigation  take-offs 
a 9 irrigation  return  flows 
o 1 illegal  sewage  discharge  from  a house 
o 22,712  feet  of  eroding  banks 

o 6,745  feet  of  "mass -wasting”  (erosion  on  a larger,  faster  scale) 
o 319  feet  of  vertical  non-eroding  banks  (potential  mass-wasting  sites) 

° 365  feet  of  debris  jams 
o 48  channel  obstructions  or  fish  barriers 


The  inventory  is  broken  down  section-by-section  --  moving  upstream  from  Lake  Helena 
to  near  the  headwaters  and  including  major  tributaries  --  in  the  following  pages. 
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How  we  found  it 


Fifteen  persons  did  the  field  work  for  the  Prickly  Pear  streambank  inventory. 

They  were  from  the  Soil  Conservation  Service,  Bureau  of  Land  Management,  Water  Quality 
Bureau,  Department  of  Fish,  Wildlife  and  Parks,  and  the  Lewis  and  Clark  County  Conser- 
vation District.  They  split  into  five  teams,  with  two  or  three  persons  in  each  team 
for  the  two  weeks.  Each  team  was  assigned  a particular  section. 

The  teams  used  stream- inventory  field  forms  and  aerial  photographs  (scale  of 
1M=250',  taken  by  the  Highway  Department  in  May  1980),  and  covered  almost  the  entire 
length  of  the  creek  and  several  major  tributaries.  The  exceptions  were  the  extreme 
upper  end  of  the  Prickly  Pear  mainstem  (above  Golconda  Creek)  and  Lump  Gulch  (see  the 
section  on  Lump  Gulch  for  an  explanation) . 

Streambank  sections  disturbed  by  fnan  were  measured  directly  from  the  aerial  photo- 
graphs and  recorded  on  the  field  forms.  Features  identified  during  the  inventory  also 
were  inked  onto  the  photographs  for  permanent  reference.* 

Features  so  identified  during  the  inventory  were: 


o Stream -channel  alterations 
o Streambank  alterations 

- blanket  rock  riprap 

- rock  jetties 

- car  bodies 

- river  gravel 

- other  alterations  (dredge  tailings,  brush  piles,  etc.) 
o Irrigation  take-offs  and  return  flows 

o Eroding  banks 
o Bank  "mass -wasting" 

o Vertical  non- eroding  banks  (potential  mass-wasting  sites) 
o Debris  jams 

q Streambed  material  (the  composition  of  the  creek  bottom) 

° Channel  obstructions 
° Mine  wastes 
° Mine  drainage 
° Settling  ponds 


*The  aerial  photographs  have  been  deposited  in  the  office  of  the  Lewis 
and  Clark  County  Conservation  District,  Federal  Building,  Helena. 
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Figure  14 


N 

Lake  Helena 


Min.  View  School 


Lake  Helena  to  York  Road 

(see  aerial  photos  PP-1  through  PP-9) 


1 mile 


Eroding  banks 


1C  Major  areas  of  mass  wasting 


Streambank  inventory 


Lake  Helena  to  York  Road 

As  shown  on  the  map  on  the  facing  page,  the  most  prominent  problems  identified  in 
this  section  of  Prickly  Pear  Creek  are  associated  with  streambank  erosion  and  mass 
wasting.  Mass  wasting  is  a term  that  describes  a relatively  large  chunk  of  stream- 
bank  that  has  suddenly  fallen  into  the  stream.  Although  erosion  and  mass  wasting 
are  natural  phenomena  --  part  of  a stream's  meandering  process  --  they  can  be 
accelerated,  which  isn't  good,  by  the  removal  of  vegetation. 

Current  land  uses  and  related  activities  in  this  stretch  of  the  Prickly  Pear 
make  it  clear  that  the  problems  are  accelerated  primarily  by  agriculture.  Cattle 
activity  is  the  main  source  of  degradation.  Moderate  to  heavy  grazing  in  these 
riparian  zones  has  depleted  streambank  vegetation  and  aggravated  naturally  unstable 
soil  conditions.  This  removal  of  the  natural  protective  cover  has  accelerated  the 
erosion,  and  periods  of  heavy  use  of  these  fragile  areas  has  induced  streambank 
sloughing  which  has  increased  the  amount  of  sediment  in  the  stream. 

Much  of  the  stream  channel  in  this  section  is  filled  with  sediment  which  alters 
the  physical  shape  of  the  creek  and  smothers  aquatic  insect  life.  Ranching  practices 
can't  be  given  the  total  blame  for  this,  however,  since  much  of  the  sediment  has 
travelled  from  far  upstream  --  mainly  from  mining  areas  --  before  settling  out  in 
the  lower  Prickly  Pear. 


Possible  corrective  measures 

Methods  for  impeding  pollution  from  the  sediments  contributed  to  Prickly  Pear 
Creek  by  ranching  along  this  section  are: 

o Adjusting  cattle  stocking  rates 
° Seasonal  or  rest- rotation  grazing 

o Dispersal  of  livestock  away  from  the  creek 
° Relocation  of  salting  areas  for  livestock 
o Fencing  off  the  stream  in  critical  areas 

o Discouraging  of  cattle  traffic  at  fragile  streambank  crossings 
° Revegetation  with  native  plants 
o Riprapping  in  conjunction  with  revegetation 
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Figure  15 


Eroding  banks 


Altered  stretch  & blanket  riprap 


Major  fish  barrier  (Asarco  dam) 
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Streambank  inventory 


York  Road  to  East  Helena 

This  stretch  of  the  Prickly  Pear  has  problems  similar  to  those  identified  for  the 
previous  section.  Again,  the  major  causes  of  the  disturbed  areas  are  linked  to  agri- 
culture --  but  a large  sand- and- gravel  operation  also  has  helped  denude  the  stream- 
banks  and  contribute  to  erosion  and  sediment. 

To  contain  the  stream  in  its  channel,  Man  has  altered  the  channel  significantly 
and  riprapped  the  streambanks. 

Two  other  conditions  existing  in  this  stretch  are  (1)  a definite  decrease  in 
streambank  vegetation,  even  over  the  previous  section,  and  (2)  a dewatering  condition 
due  to  irrigation  withdrawals.  During  certain  periods  of  the  late-summer  irrigation 
season,  a substantial  stretch  of  the  Prickly  Pear  below  East  Helena  is  without  any 
flowing  water  at  all. 


Possible  corrective  measures 

The  corrective  measures  for  livestock  grazing  listed  on  the  previous  page  can  be 
applied  to  this  stretch.  Such  solutions  for  restoring  the  riparian  zone  will  re- 
quire a great  amount  of  cooperation  from  the  land  occupants.  An  intense  revegetation 
program  through  this  reach  not  only  will  help  stabilize  the  streambank  and  control 
erosion  and  keep  sediment  from  reaching  the  creek,  but  also  will  keep  water  tempera- 
tures cool  and  improve  the  overall  aesthetics  of  the  rather  barren- looking  area. 

Before  plants  can  flourish  once  again  upon  the  streambanks,  landowners  will  have 
to  cooperate  fully  in  restraining  livestock  grazing.  The  owners  of  the  gravel -mining 
operation,  too,  will  have  to  cooperate  in  a program  to  restore  the  streambanks.  The 
obvious  organizer  of  such  a cooperative  program  among  landowners  in  this  reach  would 
be  the  Lewis  and  Clark  County  Conservation  District. 

As  this  report  is  being  written,  one  major  landowner  along  the  dewatered  section 
of  the  creek  is  volunteering  to  swap  his  water  right  to  the  Prickly  Pear  if  another 
irrigation  source  can  be  found.  For  this  trade  to  take  place,  clarifying  legislation 
must  be  passed  by  the  Montana  Legislature.  Such  a bill  was  drawn  up  for  the  1981 
Legislature,  but  was  not  introduced  because  more  study  of  its  legalities  was  needed. 
Another  attempt  will  likely  be  made  during  the  1983  Legislature. 

If  the  water  right  is  allowed  to  revert  to  an  instream  flow,  this  stretch  of  the 
creek  would  no  longer  go  dry  during  a normal  year.  This  would  also  allow  the 
upgrading  of  this  stretch's  poor  water-quality  classification,  which 
is  based  primarily  on  its  dewatered  status  (see  Parts  V and  VI  of  this 
report) . 
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Figure  16 


Eroding  banks 
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Altered  stretch 


Major  riprap  area 

Major  fish  barrier  (Asarco  dam) 


1 mile 
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Streambank  inventory 


East  Helena  to  Montana  City 


If  you  ignore  the  blanket  riprap  through  East  Helena  and  on  the  west  side  of  the 
creek  at  Asarco,  this  section  of  the  Prickly  Pear  is  fairly  stable  --  its  streambanks 
are  in  relatively  good  condition.  Man's  major  influences  on  this  section  are  altera- 
tions and  the  riprap.  There  are  some  problems  with  a lack  of  vegetation  and,  conse- 
quently, eroding  banks. 

In  the  lower  section  of  this  stretch,  at  Asarco,  the  smelter's  slag  piles,  which 
form  the  west  bank  of  the  creek,  are  void  of  vegetation.  Just  above  the  slag  piles 
is  Asarco ’s  dam,  which  is  a complete  barrier  to  the  upstream  movement  of  fish.  And 
behind  the  dam  is  a good-sized  impoundment  of  water  --a  major  creek  alteration  which 
also  traps  sediment  coming  down  from  upstream. 

The  section  halfway  between  East  Helena  and  Montana  City  suffers  some  accelerated 
erosion,  although  corrective  riprap  measures  have  been  implemented. 

The  upper  reach,  near  Montana  City,  has  been  altered,  but  the  vegetation  has 
recovered  in  the  riparian  zone  along  this  channel. 


Possible  corrective  measures 

° Re vegetation  where  needed 

o The  agriculture -related  remedies  mentioned  in  the  two  previous  sections 
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Figure  17 


Montana  City  to  Clancy 

(aerial  photos  PP-21  through  PP-30) 


Eroding  banks 


Major  riprap  area 


Altered  stretch 


Mass  wasting 


1 mile 
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Streambank  inventory 


Montana  City  to  Clancy 


As  shown  on  the  map,  Man  has  had  little  adverse  impact  on  the  Prickly  Pear  in 
the  vicinity  of  Montana  City.  Although  this  section  of  the  stream  has  been  altered, 
nature  has  taken  its  own  corrective  action  --  "healing"  this  area  by  establishing 
voluntary  vegetation. 

Upstream  from  this  site,  however,  is  a portion  of  the  creek  that  has  been  trans- 
formed significantly  by  Man.  Channel  alterations  are  the  most  obvious  impacts, 
caused  mainly  by  the  encroachment  of  the  interstate  highway  and  the  railroad. 

Through  channelization,  the  stream's  gradient  has  been  steepened;  this,  in  turn,  has 
increased  the  water's  velocity.  As  a result,  the  stream's  erosive  power  also  has 
increased. 

Eroding  banks,  riprap  and  some  mass  wasting  also  were  noted  in  this  stretch 
during  the  inventory. 

Possible  corrective  measures 

o The  planting  of  native  plant  species  could  improve  the  eroding  bank  areas. 

o Mass  wasting  may  be  a natural  phenomenon,  but  some  of  these  areas  could 
be  improved  by  backsloping,  riprapping  and  planting  of  native  vegetation. 

o In  the  channelized  areas,  installation  of  check  dams  and  increasing  the 
channel  roughness  are  two  methods  that  might  be  economically  feasible  for 
dissipating  the  stream's  velocity  and  reducing  erosion. 
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Placer  tailings 


Clancy  to  GoEconda  Creek 

(aerial  photos  PP-30  through  PP-46) 


Also  major  riprap  here 


Eroding  banks 
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Altered  stretch 
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Streambank  inventory 


Clancy  to  Golconda  Creek 


The  portion  of  the  creek  above  Clancy  has  most  of  the  problems  addressed  in  the 
previous  sections  of  this  inventory:  erosion  accelerated  by  a lack  of  vegetation, 

and  channelization. 

However,  a new  problem  comes  into  play  in  this  section:  the  presence  of  placer- 
mining tailings  left  along  long  stretches  of  the  creek  by  a massive,  floating 
dredge.  Vegetation  is  having  a difficult  time  establishing  itself  on  much  of  these 
tailings,  and  they  are  left  open  to  erosion. 

Another  potential  mine- related  problem  area  in  this  section  is  Golconda  Creek. 
This  tributary  rubs  shoulders  with  mine  spoils  in  the  Golconda  mining  area  and 
could  be  a source  of  the  minor  metal  and  sediment  pollution  found  in  the  upper 
stretches  of  the  Prickly  Pear. 


Possible  corrective  measures 

Suggested  corrective  actions  already  have  been  addressed  in  the  foregoing  pages 
of  this  inventory  report,  except  for  measures  in  reaction  to  the  mining  area. 

And  corrective  measures  for  the  Golconda  Mine  area  are  beyond  the  scope  of  this 
report  because  the  inventory  did  not  cover  the  entire  Golconda  area.  For  further 
explanation  of  mining  impacts,  see  the  sections  on  Corbin  and  Spring  Creeks  in 
the  streambank  inventory,  and  also  Part.  Ill  of  the  overall  report. 
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Figure  19 
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Streambank  inventory:  the  tributaries 


Beavertown  Creek 


This  part  of  the  inventory  began  near  the  headwaters  of  Beavertown  Creek,  not 
far  from  the  summit  of  "Boulder  Hill"  and  Interstate- 15.  It  ends  at  the  confluence 
of  Beavertown  and  Prickly  Pear  Creeks. 

The  streambank  problems  on  Beavertown  Creek  are  minor  --  the  most  significant  is 
stream- channel  alteration,  much  of  it  due  to  highway  construction.  There  is  some 
minor  erosion. 

Vegetation  along  this  tributary  is  increasing  and  is  in  good  condition.  There- 
fore, correction  of  the  minor  erosive  areas  on  Beavertown  Creek  should  be  give  a 
low  priority. 


77 


(aerial  photos  SC-1  through  SC-7  and  C-l  through  C-5) 
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Streambank  inventory:  the  tributaries 


Corbin  and  Spring  Creeks 


The  survey  team  started  above  the  mine  dumps  on  Corbin  Creek,  headed  east  to  the 
confluence  of  Corbin  and  Spring  Creeks,  and  further  east  to  the  confluence  of  Spring 
and  Prickly  Pear  Creeks.  The  problems  they  found  on  Corbin  and  Spring  Creeks  are 
mind-boggling. 

Man's  activities  in  this  area  have  devastated  or  altered  the  entire  reaches  of 
the  streams  that  were  surveyed.  Mining  has  taken  the  biggest  toll.  Abandoned  mine 
adits  and  seepage  are  pouring  acid- laden  water,  via  Corbin  and  Spring  Creeks,  into 
the  Prickly  Pear.  Mine  tailings  are  positioned  as  if  they  were  designed  specifically 
to  contribute  acids  and  sediment  to  the  water.  Settling  ponds  just  below  the  conflu- 
ence of  Corbin  and  Spring  Creeks  have  breached,  and  are  now  a major  source  of  sediment. 

Mass  wasting  and  eroding  banks  --  also  major  sources  of  sediment  --  are  prevalent 
throughout  the  reach.  Woody  vegetation  is  practically  nil  --  why,  we  don't  know. 

A spot  near  the  Corbin  Creek  mining  area  has  been  used  as  a garbage  dump. 

In  a mile- long  stretch  below  the  town  of  Corbin,  Spring  Creek's  channel  has  been 
relocated  completely.  Above  the  town  of  Corbin,  Spring  Creek  is  in  fairly  good  con- 
dition and  was  not  surveyed. 


Possible  corrective  measures 

Rehabilitation  of  this  area  will  take  an  enormous  amount  of  effort,  time  and 
money.  Reclamation  plans  may  have  to  be  developed  for  this  area  --  especially  to 
stop  the  flow  of  acid  water  into  the  creeks. 

Design  and  feasibility  studies  should  be  conducted  to  return  Spring  Creek  to  its 
original,  meandering  channel. 

Soil  samples  must  be  taken  and  analyzed  to  determine  if  toxic  chemicals  in  the 
soil  are  prohibiting  revegetation. 

Other,  less  costly,  measures  could  be  initiated  along  certain  portions  of  the 
creeks,  such  as  planting  vegetation,  removing  junk,  and  controlling  the  erosion 
and  sediment  contribution  from  the  dirt  road  along  Corbin  Creek. 
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Figure  21 


t,  ■y-w.  hjmi 


Eroding  banks 


Mine  wastes  & alterations  from  dredging 


Altered  stretch 


* 
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Streambank  inventory : the  tributaries 


Clancy  Creek 


The  survey  includes  the  stretch  of  Clancy  Creek  from  the  Gregory7  Mine  to  the 
creek’s  confluence  with  the  Prickly  Pear  at  Clancy. 

Mining,  again,  is  the  dominant  influence  on  the  creek;  but  eroding  banks,  mass 
wasting  and  channel  alterations  also  exist. 

The  upper  reach  of  Clancy  Creek  is  the  home  of  two  abandoned  mine  sites  which 
could  be  contributing  pollutants.  Mine  spoils  sit  next  to  the  stream  and  are  void 
of  vegetation.  At  the  time  of  the  survey,  a drill  rig  was  taking  core  samples  from 
a site  adjacent  to  this  old  mining  area  --  portending,  perhaps,  the  arrival  of  new 
mining. 

Dredge  mining  also  has  left  its  mark  on  Clancy  Creek.  About  halfway  down  the 
creek,  dredging  has  altered  the  channel  several  times,  and  the  present  channel  is 
completely  out  of  the  original  banks.  Because  of  this  relocation,  the  stream  at 
this  point  is  still  in  its  "infant"  stage,  trying  to  seek  its  own  course.  And  as 
it  does,  bank  erosion  and  sloughing  will  occur. 

The  lower  section  of  Clancy  Creek  also  has  been  altered  by  dredge  mining,  but 
not  as  severely  as  the  middle  section. 


Possible  corrective  measures 

Measures  for  reducing  sedimentation  from  mining  areas  already  have  been  discussed 
in  the  previous  pages. 

Actively  eroding  areas  could  require  some  attention  at  this  time,  but  nature  is 
already  in  the  process  of  healing  Clancy  Creek  by  establishing  new  vegetation  on 
most  of  the  disturbed  areas. 
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Lump  Gulch  I 1 

1 mile 

(aerial  photos  LG-1  through  LG-13) 


Eroding  banks 


Streambank  inventory : the  tributaries 


Lump  Gulch 

The  inventory  team  felt  it  was  only  necessary  to  make  a "windshield  survey"  of 
the  creek  in  Lump  Gulch  because  it  is  in  relatively  good  condition.  Man  has  had  very 
little  adverse  impact  on  the  stream.  Periodic  stops  were  made  to  confirm  the  condi- 
tion of  the  stream  and  its  banks. 

There  is  a section  that  has  some  eroding  banks.  It's  in  a bottomland  used  for 
grazing  or  haying  and  is  indicated  on  the  map  on  the  facing  page.  Vegetation  along 
this  stretch  has  been  removed. 

Possible  corrective  measures 

We'd  suggest  giving  the  eroding  section  a chance  to  heal  by  changing  some  of  the 
ranching  practices  there  (see  section  on  "Lake  Helena  to  York  Road"  in  this  inventory) . 

It  wouldn't  hurt  to  plant  some  new  vegetation  there,  too. 
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Recommendations 


Prickly  Pear  Creek  and  most  of  its  tributaries  are  in  poor  physical  condition, 
suffering  from  numerous  Man-caused  impacts.  Some  of  these  problems  can  be  corrected 
with  a minimum  of  effort,  but  others  will  take  time,  money  and  a great  deal  of  co- 
operation. 

It  is  the  intent  of  this  part  of  the  report  to  highlight  the  impacts  and  suggest 
general  corrective  measures,  not  to  prescribe  specific  remedies.  Decisions  should  be 
made  on  a site-specific  basis,  with  the  involvement  and  cooperation  of  the  landowners. 

We  do  list  below  the  order  in  which  projects  should  be  carried  out.  Our  prefer- 
ence is  to  try  non- structural  riparian  improvements  first,  because  they  require  less 
planning  time  and  money  than  structural  improvements.  Riparian  improvements  -- 
those  that  allow  the  streambanks  to  return  to  a "natural"  well -vegetated  condition  -- 
possibly  can  be  carried  out  using  voluntary  help  from  area  residents  and  organizations. 

In  each  category  below,  we  rank  the  stream  segments  by  severity  of  their  problems. 
The  worst  stretches  --  those  in  which  improvements  would  have  the  most  beneficial 
impact  on  the  overall  quality  of  the  Prickly  Pear  --  are  ranked  1.  The  lowest-priority 
area  --  in  which  few  improvements  are  really  necessary  --  is  ranked  9. 


Riparian  improvements 

1.  Corbin  and  Spring  Creek  area 

2.  North  of  East  Helena  to  Canyon  Ferry  Road 

3.  Placer  tailings  between  Clancy  and  Jefferson  City 

4.  Montana  City  to  Clancy 

5.  York  Road  to  Lake  Helena 

6.  East  Helena  to  Montana  City 

7.  Clancy  Creek  --  placer  tailings  and  upper  mine  area 

8 . Lump  Gulch 

9 . Beavertown  Creek 


Structural  improvements 

1.  Corbin  Creek  mining  area* 

2.  Clancy  to  Montana  City 

3.  Jefferson  City  to  Clancy 

* This  highly- damaged  area  should  be  given  the  highest  priority  of  all  others  in  the 
Prickly  Pear  drainage.  But  reclamation  of  these  abandoned  mine  lands  is  far  beyond 
local  funding  sources.  It  may,  however,  be  dealt  with  under  the  U.S.  Interior  Depart- 
ment’s Abandoned  Mine  Lands  Program.  There’s  more  on  this  area  in  Part  III. 
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Part  III 


The  Spring  Creek  drainage 

Black  sheep  of  the  headwaters  family 


Water  Quality  Bureau 

Department  of  Health  and  Environmental  Sciences 


July  1981 


Contact  person:  Gary  Ingman , 449-2406 


Introduction 


History  of  mining  in  the  Colorado  District 

In  July,  1862,  a Mr.  Hurlburt  and  a Negro  companion  found  gold  at  Montana  City, 
and  by  1864  lode  mining  had  begun  in  the  Corbin  and  Spring  Creek  drainages  (known 
as  the  Colorado  District)  20  miles  south  of  Helena.  The  first  lead  smelter  was 
built  at  Gregory  at  the  head  of  Clancy  Creek  in  1867.  The  completion  of  the  Nor- 
thern Pacific  (Montana  Central)  Railroad  to  the  area  in  1883  gave  added  impetus 
to  lode  mining. 

The  Gregory  Mine  was  most  active  during  the  early  1880s;  the  Alta  Mine  near 
Corbin,  1883-1893;  the  Comet  Mine  at  the  head  of  High  Ore  Creek  in  the  Boulder 
River  drainage,  1900;  and  the  Minah,  above  Wickes,  1900-1901.  A lead  smelter  at 
Wickes  was  operated  from  1883-1893,  then  operations  were  transferred  to  East 
Helena.  Total  production  for  the  district  is  estimated  at  $59  million,  three- 
fourths  of  which  was  in  silver  and  the  rest  was  in  gold,  lead,  copper  and  zinc 
(State  of  Montana,  1956) 


Water  quality  problems 

Prospectors  became  so  intent  on  striking  it  rich  that  little  consideration 
was  paid  to  land  and  water.  As  the  veins  played  out  or  became  too  difficult  to 
pursue,  the  miners  moved  on  to  virgin  territory.  Tailings  and  settling  ponds 
from  long-abandoned  hard-rock  mines  are  a prominent  feature  in  the  Corbin  and 
Spring  Creek  drainages  southwest  of  Jefferson  City.  Nearly  100  years  after  peak 
mining  activity  the  acid  water,  heavy  metals  and  sediment  from  oxidized  tailings 
continue  to  pollute  streams  and  kill  aquatic  inhabitants.  Groundwater  also  has 
been  affected.  Pollutants  in  Corbin  Creek  and  Spring  Creek  are  carried  to 
Prickly  Pear  Creek  and  frequently  are  detectable  in  concentrations  sufficient  to 
impair  aquatic  life  nearly  to  the  stream's  mouth,  some  25  miles  distant. 

To  communicate  the  serious  nature  of  the  problem,  a discussion  is  necessary 
to  explain  how  abandoned  mine  sites  are  capable  of  degrading  water  quality  and  the 
health  of  the  biological  components  of  streams.  Three  categories  encompass  the 
majority  of  hard-rock  mine- related  water  quality  problems:  (1)  acid  mine  drainage, 

(2)  heavy  metals  and  (3)  sedimentation. 

Acid  mine  drainage,  a frequently  encountered  problem  in  the  Spring  Creek 
drainage,  results  when  buried  sulfide  ore  is  exposed  — usually  inside  a mine 
shaft  — and  comes  into  contact  with-  oxygen  and  water.  Oxidation  of  the  sulfide 
compounds  in  the  presence  of  water  converts  the  sulfide  to  sulfate  and  releases 
acid,  ferrous  iron  and  the  sulfate.  Hydrolysis  of  the  ferrous  iron  produces 
ferric  hydroxide  or  hydrous  ferric  oxide.  This  rusty-colored  substance  — called 
"yellcwboy"  — can  be  seen  coating  the  bottoms  of  Spring  and  Corbin  Creeks.  The 
acid  released  by  this  series  of  chemical  reactions  is  a major  cause  of  stream 
degradation.  Sufficient  concentrations,  when  reaching  waterways,  may  directly 
poison  aquatic  life  or  may  increase  the  toxicity  of  other  chemical  constituents 
in  water.  One  such  indirect  method  is  through  the  dissolution  of  metals  occur- 
ring in  the  tailings. 

Solubility  of  heavy  metals  is  pH  dependent  — acidic  conditions  promote  dis- 
solution. As  the  acid  is  formed  in  mine  shafts  or  in  tailings,  the  metals  are 
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are  leached  in  proportion  to  their  concentrations  and  their  individual  solubilities. 
These  metals  then  may  be  carried  to  streams  via  surface  runoff  or  mine  discharges. 
Eventual  seepage  frcm  the  surface  into  groundwater  is  a possibility.  Aquatic  orga- 
nisms cane  into  contact  with  such  metals  as  copper,  zinc,  lead,  cadmium,  arsenic 
and  a host  of  others  — all  potentially  toxic.  Even  when  exposed  to  sublethal 
concentrations,  fish  are  capaiole  of  accumulating  these  metals  in  their  tissues  and 
they  may  becone  unsafe  to  eat.  Sane  heavy-metal  polluted  water  also  is  unsafe  to 
drink. 

The  addition  of  unnatural  amounts  of  silt  to  streams  is  another  problem  created 
by  certain  mining  operations.  Destruction  of  protective  ground-covering  vegetation 
and  exposure  of  tailings  piles  to  runoff  pose  the  threat  of  accelerated  erosion  and 
excessive  sediment  contributions  to  nearby  waterways.  In  severe  cases,  sediment  may 
blanket  stream  bottoms,  retarding  plant  growth,  fish  food  production  and  fish 
spawning.  Suspended  sediment  also  may  displace  fish,  reduce  productivity  of  aquatic 
plants  by  decreasing  light  penetration,  raise  stream  temperatures  and  lower  the 
dissolved-oxygen  content  of  the  water. 


Study  design 

A water-quality  monitoring  station  on  Spring  Creek  near  its  mouth  was  one  of 
12  located  along  Prickly  Pear  Creek  in  a 1979  Water  Quality  Bureau  investigation 
to  identify  sources  and  quantities  of  pollutants.  Sampling  and  field  measurements 
were  performed  at  each  of  the  sites  in  February,  June,  August  and  November.  Addi- 
tional monitoring  was  performed  in  May  1980  to  document  water  quality  during  peak 
flows  resulting  from  snowmelt.  The  results  of  this  study  and  the  effects  of 
pollutants  contributed  by  Spring  Creek  to  Prickly  Pear  Creek  have  been  surrmarized 
in  the  Water  Quality  Overview  (Part  I of  this  report)  . 

Spring  Creek  was  identified  as  the  most  severe  water  pollution  problem  in  the 
Prickly  Pear  drainage.  Although  many  of  the  pollutants  that  enter  Prickly  Pear 
Creek  via  Spring  Creek  were  measured,  their  sources  in  the  Spring  Creek  drainage 
were  not  identified  in  Part  I.  But  they  are  identified  in  this  section  of  the 
report,  and  so  are  recoimendations  for  their  correction. 

We  had  felt  there  were  sane  limitations  in  the  1979  monitoring,  so  we  under- 
took an  intensive  one-day  sampling  on  Spring  Creek  on  April  16,  1980.  The  creek 
and  its  tributaries,  including  mine  drainages,  were  sampled  at  various  points  for 
mining-related  pollutants,  especially  those  that  exceed  water  quality  standards 
in  the  Prickly  Pear  below  Spring  Creek.  Since  pollutant  loads  discharged  by 
Spring  Creek  are  known  to  fluctuate  with  streamflow,  all  available  discharge  and 
water-quality  data  for  sites  within  the  Spring  Creek  drainage  were  used  to  sub- 
stantiate and  enhance  the  results  of  the  April  1980  investigation.  Frequently, 
these  historical  data-collection  sites  corresponded  with  the  April  1980  monitoring 
locations . 

In  addition  to  the  surface  monitoring  locations  in  the  Spring  Creek  drainage, 
several  wells  in  or  near  the  town  of  Corbin  were  sampled.  This  investigation  was 
spurred  by  reports  that  wells  were  contaminated  by  mine  drainage. 

All  stations  in  the  Spring  Creek  drainage  for  which  data  are  available  are 
described  in  Table  18,  along  with  sampling  dates.  Specific  locations  are  dis- 
played in  Figure  23  on  Page  114. 
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TABLE  18  Water-quality  monitoring  stations  in  Sprang  Creek  drainage 


Dates 

No . Location  Twnsbp  Range  Section  sampled 

Surface-water  sites: 


01 

Spring  Creek  near  mouth 
at  Jefferson  City 

7N 

3W 

6 AC  A 

5-75; 

2,6,8, 

4,5-80 

6-77; 
11-79; 
; 4-81 

02 

Spring  Creek  downstream 
of  Corbin  Cr . nr  Corbin 

7N 

4W 

1C  AC 

5-75; 

9-79; 

6-77; 

4-80 

03 

Spring  Creek  upstream 
of  Corbin  Cr.  nr  Corbin 

7N 

4W 

11  AAA 

6-77; 

4-80 

3-78; 

04 

Corbin  Creek  nr  mouth 
at  Corbin 

7N 

4W 

1CCB 

6-77; 

4-80 

3-78; 

05 

Corbin  Cr . just  downstream 
of  Alta  Mine  drainage 

7N 

4W 

2CDC 

4-80 

06 

Corbin  Cr.  upstream 
from  Alta  Mine  drainage 

7N 

4W 

2CCC 

7-74; 

4-80 

6-77; 

07 

Alta  Mine  drainage 

7N 

4W 

2CCD 

7-74  ; 
4-80 

9-79; 

Additional  historical-data  sites: 

08 

Drainage  from  Bertha 
tailings  above  Corbin 

7N 

4W 

3DCD 

9-79 

09 

Seep  from  base  of  Alta  Mtn 
to  drainage  nr  Wickes 

7N 

4W 

9DCB 

6-77 

10 

Seep  from  Washington  Mines 

7N 

4W 

17BDA 

6-77; 

9-79 

11 

Mine  seep  on  Wood  Chute  Cr 

7N 

4W 

18??? 

6-77 

Domestic 

water  supplies 

12 

Fussel  spring  nr  Corbin 

7N 

4W 

2DCB 

5-80 

13 

Leo  Zitnick  well  in  Corbin 

7N 

4W 

2DDA 

5-80 

14 

Bob  Zitnick  well  in  Corbin 

7N 

4W 

2DDD 

10-80 

15. 

Roane  sump  adjacent  to 
Corbin  Cr.  in  Corbin 

7N 

4W 

2DDC 

6-80 
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Parameters 


Primary  pollutants  contributed  by  Spring  Creek  to  Prickly  Pear  Creek  are  metals 
and  sediment;  therefore,  monitoring  efforts  focused  on  these  parameters  Four 
matais  --  zinc,  copper,  manganese  and  iron  — occur  in  higher  concentrations  than 
o er  metals  present  in  the  creek.  These  four  metals  were  used  exclusively  to 
trace  sources  of  mining-related  pollution  when  we  conducted  the  April  1980  moni- 
toring. We  used  two  methods:  (1)  we  measured  metals  that  were  dissolved  in  the 

water,  and  (2)  we  measured  metals  using  the  "total  recoverable  method"  discussed 
in  Part  I of  this  report.  The  former  method  showed  the  sources  of  dissolved 
metals  associated  with  acid  mine  drainage  and  more  toxic  to  aquatic  organisms. 

The  iatter  method  showed  sources  of  metal-bearing  sediments,  like  mine  dumps  and 
tailings.  A downstream  decrease  in  dissolved  metals  indicates  buffering  or 
neutralization  of  acids  (with  the  resultant  precipitation  of  metals),  or  dilution 
by  groundwater  or  incoming  tributaries. 


istorical  data  for  other  metals  such  as  arsenic,  lead  and  cadmium  were  used 
where  available.  Nichlos  et  al-  (1973)  have  defined  acid  mine  drainage  as  water 
with  a pH  of  less  than  6,  sulfate  and  iron  levels  greater  than  75  and  0.5  milli- 
grams  per  liter  (mg/1)  respectively,  an  alkalinity  value  of  less  than  20  mg/1, 
and  a hardness  of  more  than  150  mg/1.  These  parameters  were  used  collectively 
to  identify  sources  of  acid  mine  drainage.  Two  or  three  of  the  parameters 
exceeding  the  acid  drainage  criteria  at  a particular  site  do  not  confirm  such 
drainage,  but  the  upstream  presence  of  one  is  suggested. 

Water  hardness  measurements  also  were  necessary  to  determine  the  toxicity  of 
such  metals  as  zinc  and  copper  to  aquatic  life.  The  degree  of  toxicity  inflicted 
by  many  heavy  metals  is  inversely  proportional  to  hardness.  The  pH  measurements 
are  also  important  because  they  determine  the  solubility  of  the  various  metals. 

Specific  conductance  was  used  as  an  approximator  of  the  levels  of  dissolved 
so  ids . the  more  dissolved  material  in  a sample  of  water,  the  greater  will  be 
its  ability  to  conduct  electricity.  Those  dissolved  materials  may  be  common  ions 
such  as  sulfates  — or  they  may  be  metals,  or  both.  Regardless,  a high  speci- 
fic conductance  generally  indicates  pollution. 


The  parameters  and  applicable  criteria  are  listed  in  Table  19.  The  rationale 
and  criteria  for  protecting  aquatic  life  and  public  health  and  aesthetics  from 
metals,  sediment  and  turbidity  have  been  explained  in  the  Water  Quality  Overview 
(Part  I of  this  report) . 


Methods 


The  collection,  handling  and  analysis  of  the  more  recent  water  samples  gene- 
rally followed  "Standard  Methods"  (APHA  et  al.  1975)  or  equivalent  EPA-sanctioned 
procedures  (USEPA,  1976;  USEPA,  1979).  Earlier  samples  were  analyzed  according 
to  methods  acceptable  at  the  time.  Samples  for  measurement  of  dissolved  metals 
were  field- filtered  through  a .45-micron  filter  prior  to  analysis.  Streamflows 
were  measured  by  methods  approved  by  the  U.S.  Geological  Survey,  except  that 
historical  flows  occasionally  were  estimated. 

The  results  of  this  investigation  will  be  evaluated  by  site.  For  each  site, 
data  for  all  parameters  will  be  presented  in  a tabular  fashion.  Preceding  this 
will  be  a written  assessment  of  conditions.  The  tables  will  include  minimum, 
maximum  and  mean  values  for  each  parameter,  as  well  as  the  number  of  criteria 
exceedences"  that  were  recorded.  In  determining  aquatic-life  exceedences  (those 
values  above  the  levels  which  begin  to  harm  aquatic  organisms) , hardness  values 
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TABLE  19 


List  of  parameters  and  applicable  criteria 


Criteria* ** 

Public  health  Protection  of  Acid  mine 
and  freshwater  drainage 

Parameter  aesthetics  aquatic  life  definition 


Streamflow  (cfs) 


Specific  conductance  { mrcromhos /cm^ @ 2 5 ° C } 

— 

— 

— 

PH 

— 

— 

< 6 

Alkalinity  (mg/1  as  CaCC>3) 

— 

- — 

< 20 

Hardness  (mg/1  as  CaCOg) 

— - 

— . 

>150 

Sulfate  (mg/1) 

- — 

— 

>75 

Turbidity  (NTU) 

5 

— 

— 

Total  suspended  solids  (mg/1) 

— 

25,80*** 

— 

Iron  (mg/1) 

.30 

— 

> .5 

Copper  (mg/1) 

1 

** 

— 

Zinc  (mg/1) 

5 

— . 

Mangane se  (mg/1 ) 

.05 

- — 

— — 

Lead  (mg/1) 

.05 

** 

— 

Arsenic  (mg/1) 

.05 

.44 

— 

Cadmium  (mg/1) 

.01 

** 

— . 

*Criteria  for  public  health,  aesthetics  and  protection  of  aquatic  life  are  summa- 
rized in  the  water  quality  overview  section  of  this  report.  Criteria  defining 
acid  mine  drainage  are  from  Nichlos,  _et  al. 

**Toxic  effects  of  copper,  zinc,  lead  and  cadmium  on  aquatic  life  are  dependent  on 
water  hardness.  Formulas  for  determining  toxicity  are  given  in  the  water  quali- 
ty overview  section. 

***Fisheries  can  be  maintained  in  waters  that  contain  25  to  80  mg/1  suspended 
solids,  but  the  yield  of  fish  might  be  lower  than  in  waters  containing  25  mg/1 
or  less.  Waters  carrying  more  than  80  mg/1  suspended  solids  are  unlikely  to 
support  good  freshwater  fisheries. 
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occasionally  were  not  available  for  historical  data.  In  such  cases,  the  author 
arbitrarily  applied  a substantially  higher  hardness  value  — based  on  the  avail- 
able mean  value  — to  calculate  toxicity.  In  other  words,  if  hardness  data  for 
a particular  site  resulted  in  a calculated  mean  hardness  of  200  mg/1,  the  author 
used  a hardness  of  250  mg/1  to  calculate  toxicity.  In  this  manner,  a safeguard 
was  taken  against  making  false  statements  concerning  the  number  of  exceedences. 

If  there  was  any  doubt  as  to  whether  metals  criteria  were  exceeded,  they  were 
not  reported  as  exceedences. 

The  study's  primary  objective  was  the  detemination  of  specific  sources  of 
pollutants  in  the  Spring  Creek  drainage.  To  accomplish  this,  metals  and  sediment 
loads  were  calculated  for  each  surface-water  monitoring  site  where  streamflow 
data  were  available.  These  figures  are  expressed  in  terms  of  the  weight  of  a 
particular  pollutant  carried  by  a stream  or  mine  discharge  per  unit  of  elapsed 
time  (for  example , pounds  per  day) . Graphical  presentations  of  sediment,  copper, 
iron,  zinc  and  manganese  loads  for  each  site  will  be  given  for  the  April  1980 
data  only , since  this  was  the  only  date  on  which  all  the  major  sites  were 
sampled  in  the  Spring  Creek  drainage. 

Sites  for  which  only  historical  data  were  available  will  be  handled  separately. 
Because  the  historical  data  are  very  limited,  individual  results  — rather  than 
ranges  and  means  will  be  tabulated.  But  the  same  criteria  that  are  used  on 
other  data  will  be  used  on  the  historical  data.  Because  the  author  did  not 
actually  survey  these  additional  sites,  the  Interpretations  will  be  speculative. 

Domestic  water  supplies  in  the  Corbin  area  that  were  sanpled  will  also  be 
evaluated  separately.  Criteria  will  be  limited  to  public  health  and  aesthetics 
and  those  parameters  collectively  indicating  mine-related  contamination  — 
hardness,  sulfate,  pH,  alkalinity  and  the  various  metals. 

One  final  note:  Due  to  the  overwhelming  abundance  of  individual  parameter 

measurements,  only  the  ranges  and  means  of  parameter  values  are  included  in  the 
tables  for  sites  where  more  than  one  sampling  was  conducted.  The  reader  is 
advised  against  drawing  conclusions  as  to  which  sites  carry  the  greatest 
pollutant  loads  and  concentrations  by  using  only  the  mean  values.  For  seme  sites, 
such  as  Spring  Creek  near  the  mouth,  one  or  more  of  the  samples  may  have  been 
taken  under  unusual  conditions  (like  the  flood  of  May  1975) , whereas  other  sites 
located  upstream  were  not  sampled  at  that  time.  Such  flood- related  samples 
provided  extremely  high  values  which  tend  to  skew  the  mean  values  well  above 
levels  commonly  observed  at  the  site.  To  arrive  at  conclusions,  the  author 
used  the  individual  sets  of  data,  which  are  on  file  at  the  Water  Quality  Bureau. 
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Results  and  interpretations 


Spring  Creek  drainage  — surface-water  sites 


Site  01 

Spring  Cr.  near  mouth  at  Jefferson  City 

Although  data  for  this  site  fail  to  delineate  pollutant  sources, 
types  of  pollutants  and  the  ranges  of  pollutant  loads  contributed  to 
Prickly  Pear  Creek  are  revealed.  There  clearly  was  a correlation 
between  snowmelt  runoff  and  pollutant  loads;  the  highest  metals  and 
sediment  levels  always  occurred  in  April  through  June.  The  worst 
water  quality  was  documented  during  the  maximum  recorded  flow  -- 
in  May  1975.  At  this  time.  Spring  Creek  discharged  approximately 
425  tons  of  sediment  (enough  dirt  to  fill  four  Burlington  Northern 
coal  cars)  into  the  Prickly  Pear  in  a 24-hour  period!  That  included 
9 tons  of  manganese,  6 tons  of  zinc,  4 tons  of  iron,  1.5  tons  of 
lead,  and  nearly  one— half  ton  of  cooper. 

Sulfate , hardness  and  iron  concentration  exceeded  the  acid  mine 
drainage . criteria  each  time  a sample  was  collected,  but  alkalinity 
and . pH  did  not.  Thus,  Spring  Creek  near  its  mouth  cannot  be  charac- 
terized as  acid  mine  drainage,  but  the  upstream  presence  of  such 
drainage  was  suggested. 

The  primary  pollutants  shown  to  be  exceeding  the  criteria  for 
public  health  and  aesthetics  at  this  site  were  (in  decreasing  order 
of  severity):  manganese,  turbidity,  iron,  lead,  cadmium,  zinc  and 

arsenic.  Parameters  exceeding  the  limits  for  the  protection  of 
aquatic  life  were  (in  decreasing  order  of  severity"):  cadmium,  zinc, 

copper,  sediment  and  lead. 

Figures  25  and  26  and  a review  of  the  other  available  data  show 
that  much  of  the  zinc,  manganese  and  cadmium  detected  at  this  site 
were  in  the  dissolved  (and  generally  more  toxic)  form.  Conversely, 
most  of  the  iron  (Fig.  24),  copper  (Fig.  27),  lead  and  arsenic 
apparently  were  associated  with  suspended  sediments  and  were  not 
dissolved.  Although  metals  that  are  bound  to  sediment  particles 
may  eventually  find  their  way  into  the  food  chain  and  cause  bio- 
logical damage,  they  are  not  as  immediate  a threat  to  organisms  as 
the  dissolved  metals. 
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Site  NO.:  01 
Sample  Location. 


Spring  Creek  near  mouth  at  Jefferson  City 

Number  of  Exceedences 


Sample  Minimum 
Size  Value  _ Mean 

Maximum 

Value 

Public  Health 
and  Aesthetics 

Aquatic 

Life 

Acid  Mine 
Drainage 

Streamflow  (cfs) 

9 

2 

5.5 

20 

Specific  conduc- 
tance (umhos/cm^ 
0 25°  C 

10  4 

19.1  1 

.417 

9500 

- 

1 

0 

8 

9 

pH  1 9 

3.1 

7.1  1 

8 

Alkalinity  (mg/1 
las  CaC03) 

7 

22 

42  1 

67  | 

Hardness  (mg/1 
as  CaC03) 

8 

179 

i 

223 

267 

iSulfate  (mg/1) 

9 

134 

194  j 

251 

Turbidity  (NTU) 

7 

7.8 

376 

2500 

7 | 

i 

Total  Suspended 
Solids  (mg/'l) 

7 

6.1 

1160 

7830 

2 5 I 8 0 
mg  mg 

Total  Suspended 
Solids  (Ib/day) 

7 j 

120 

120, 

000 

840 , 000 

*TR  Iron  (mg/I) 

— -- — — — 
10 

.69 

12.8  1 

76 

10 

10 

— — — — 

TR  Iron  (Ib/day) 

9 

31 

1000 

8200 

TR  Copper  (mg/1 ) 

10 

.03 

1.1 

8 

■ — 

L_l_ 

TR  Copper  (Ib/day) 

h- 

1.4 

100 

860 

TR  Zinc  (mg/1 ) 

10 

.41 

| 16. 9 

112 

5 

j 9 

TR  Zinc  (Ib/day) 

9 

11 

1400 

12 , 000 

TR  Manganese  (mg/1) 

! 10 

. 24 

23. 1 

160 

10 

TR  Manganese  (.Ib/day) 

TT“ 

6.6 

200C 

17 , 000 

— — — ■ — 

TR  Lead  (mg/1 ) 

7 

<.  05 

3.1 

25 

6 j 1 

TR  Lead  (Ib/day) 

1 3 

<.7  8 

39C 

2700 

— — — — — > 

TR  Arsenic  (mg/1 ) 

7 

<.001 

. . 0 3 ( 

) .096 

1 

1 .u 

TR  Arsenic  (Ib/day) 

7 

<.11 

.71 

> 2.1 

TR  Cadmium  (mg/1 ) 

5 

.010 

- - 

. 0< 

) .376 

4 

5 

J 

TR  Cadmium  (Ib/day) 

4 

•19 

10 

40 

*TR  refers  to  total  re 

;coverable  analysis  method.  See  Methods  Section  p.  3 

Spring  Creek  drainage  — surface-water 


sites 


Site  02 


Spring  Cr.  downstream  from  Corbin  Cr.  near  Corbin 


"Co  i 1^  »y  mi  between  Sites  01  and  02  is  located  the 

S-rina  Creek  -Fin3"62'  relatively  narrow  valley  through  which 

oonds  til  ih  Wa!  °nCe  tha  Slte  of  a series  of  mill-tailings 
ponds.  Since  the  ponds  were  abandoned.  Spring  Creek  has  meandered 

its  way  back  and  forth  across  the  valley,  eroding  the  fine  and 

Miits"ahed  aands  which  once  formed  the  beds  of  the  ponds.  The 
flats  has  long  been  suspected  to  be  a critical  source  of  sediment 
and  metals  in  Spring  Creek.  sediment 

Water-quality  data  for  Site  02,  located  at  the  upper  end  of  the 

Non^h^  below  the  confluence  of  Corbin  Creek,  are  somewhat  limited 
, netheless<  some  conclusions  can  be  drawn  by  comparing  pollutant 
eve  s measurea^  at  Sites  01  and  02  on  the  same  dates.  Apparently 
uring  very  high  flows,  as  shown  in  the  May  1975  data,  the  Corbin 

Creek  At  "°nbflbute  substantial  quantities  of  metals  to  Spring 

Creek.  At  that  time  — between  Sites  02  and  01  --  lead  concentra- 

h°n=  ln=reased  by  10  times,  manganese  by  3 times,  and  zinc  by  2 
However,  monitoring  during  moderate  to  low  flows  showed 

Sites^^and^Ol  aldference  in  pollutant  concentrations  between 

stiaht  de^rJ  (as  was  the  case  m June  1979)  or  an  actual,  though 
' ^rease  below  Corbin  Flats  (as  documented  in  April  1980) 

„ =Slg2i!ica"tly'  the  available  data  failed  to  show  an  increase  in 

a verIddefSS  ^mSdt  l0adS  ln  Spring  Creek  below  Corbin  Flats.  In  fact, 
a very  definite  decrease  was  noted.  It  would  not  be  difficult  to 

imagine  Spring  Creek  acting  as  a sediment  trap  during  low  flows 
because  of  its  low  gradient  in  this  reach.  But  during  very  high 
flows,  there  will  be  sediment  contributions  from  the  highly  erosive 
9S  pond  materials  and  no  net  losses.  Most  likely,  the  Corbin 
Flats  contributes  a substantial  sediment  load  during  high  flows  and 

settlin^of31635'  ,Elbher  thiS  additional  load  is  offset  by  the 
ettlmg  or  some  of  the  incoming  load,  or  the  1975  data  are  in  error. 

tnrhla^S  health  and  aesthetics  criteria  were  routinely  exceeded  for 
Didity,  iron,  manganese,  zinc  and  cadmium.  Arsenic,  lead  and 
copper  exceeded  criteria  at  a lesser  frequency.  Zlnc/ca“ 
pper,  sediment  and,  occasionally,  lead  posed  threats  to  aquatic 
i e.  lost  Oi  the  manganese  and  zinc  at  this  site  were  dissolved, 
iron  and  copper  were  primarily  bound  to  sediment  particles. 

onV3e  ?°°r  PualitY  of  water  in  Spring  Creek  at  this  site  was 

suds  uantiated  by  an  examination  of  the  resident  fishery  by  Water 

?Uan^Y.BUr?^  Snd  DePartment  of  Fish,  Wildlife  and  Parks'^  personnel 
m October  1980.  Although  good  numbers  of  brook  and  rainbow  trout 
ere  round  m Spring  Creek  above  Corbin  Creek  (Site  03) , only  two 
were  collected  m 150  yards  of  Spring  Creek  at  Site  02.  And  there's 
02?' ^ Possibility  -that  these  two  trout  drifted  downstream  into 
ite  02  from  the  Site  03  area,  which  was  inventoried  first. 
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ite  No.:  02 
ample.  Location: 


Spring  Creek  downstream  from  Corbin  Creek 


Number  of  Exceedences 


i 

Sample  Minimum 

)av'^mpter  Size  Value 

Mean 

Maximum 

Value 

Public  Health  j 
and  Aesthetics  1 

Aquatic 

Life 

Acid  Mine 
Drainage 

Jtreamflow  (cfs)  j 

3 

2 . 5 

8.4 

20 

Specific  conduc- 
tance (umhos/cm^ 
ja  25°  C | 

3 

450 

1. 

>8.7 

1050 

. 

)H  j 

i 

3 

6.5 

6 - 9 | 

7.2  j 

0 

Alkalinity  (mg/1 
as  CaC03) 

1 

23 

23  1 

T 

23 

0 

Hardness  (mg/1 
as  CaC03) 

1 

192 

L92 

192 

1 l 

Sulfate  (mg/1) 

2 1 

153 

L65 

177 

• 

2 

Turbidity  (NTU) 

2 1 

24  1 

1612 

3200 

2 1 

■ 1 6 n 

Total  Suspended 
Solids  (mg/1) 

“ 

2 

25.8 

5928 

11,830 

Z D I o U 
mg  j mg 
2 ! 1 

- 

Total  Suspended 
Solids  (Ib/day) 

2 

390 

6400C 

1,300,000 

*TR  Iron  (mg/1) 

4 

.64 

19 . Sj 

71  ; 

4 

j 4 

TR  Iron  (Ib/day) 

3 

36 

2600  ! 

7700 

TR  Copper  (mg/1 ) 

4 

. 03 

3.6 

14 

i 

i 1_ 

TR  Copper  (Ib/day) 

1 3 

1.9 

. 

j 500 

1500 

TR  Zinc  (mg/1 ) 

4 

. 89 

17.8 

j 60 

3 

| 4 

TR  Zinc  (Ib/day) 

3 

70 

>200 

6500 

TR  Manganese  (mg/1 ) 

1 4 

1.19 

17 

53 

4 

1 

TR  Manganese  (.Ib/day) 

4 

90 

1700 

5700 

TR  Lead  (mg/1 ) 

3 

<.05 

. 73 

2.2 

1 

1 

TR  Lead  (Ib/day) 

2 

<.67 

1 12  0 

240 

TR  Arsenic  (mg/1) 

2 

. 010 

. 18C 

> .350 

1 

0 

TR  Arsenic  (Ib/day) 

2 

. 13 

19 

38 

TR  Cadmium  (mg/1 ) 

2 

.012 

.126 

.238 

2 

2 

TR  Cadmium  (Ib/day) 

1 2 

. U 

i; 

1 26 

*TR  refers  to  total  recoverable  analysis  method.  See  Methods  Section  p.  3 


Spring  Creek  drainage  --  surface-water  sites 


Site  03 

Spring  Cr.  upstream  from  Corbin  Cr.  near  Corbin 


Spring  Creek  originates  about  two  miles  upstream  from  this  moni- 
toring site,  where  it  bubbles  from  a meadow  in  a series  of  springs. 
Interpretations  of  water-quality  data  collected  at  Site  03  eliminate 
this  stream  reach  as  the  source  of  pollutants  that  are  found  lower 
down  on  Spring  Creek.  Water  quality  here  is  excellent.  Dissolved 
and  total  recoverable  metals,  sediment  and  dissolved  minerals  (they're 
determined  by  specific  conductance)  generally  occurred  in  low  con- 
centrations. In  one  out  of  three  samplings,  iron  and  manganese 
slightly  exceeded  drinking-water  criteria.  But  these  metals  are 
important  in  drinking-water  supplies  only  from  the  standpoint  of 
staining  and  taste  problems.  They  are  not  particularly  toxic  to 
humans  or  aquatic  life. 

Acid  mine  drainage  problems  were  not  indicated  and  the  other 
criteria  were  not  exceeded  here,  a fact  that  will  be  appreciated 
by  the  Corbin  residents  who  routinely  use  Spring  Creek  as  their 
residential  water  supply. 

On  rare  occasions — such  as  during  heavy  runoff  — overland  flow  and 
mine  drainage  from  the  Wickes  area  reach  the  headwaters  of  Spring 
Creek  and  temporarily  contaminate  it.  During  these  times,  Corbin 
residents  are  forced  to  haul  water.  Apparently,  however,  the 
biological  effects  of  such  runoff  are  less  than  acute,  since  this 
reach  of  Spring  Creek  supports  a healthy  resident  fishery. 

The  severe  drop  in  Spring  Creek's  water  quality  between  this  site 
and  Site  02  (just  downstream  of  Corbin  Creek)  suggests  that  Corbin 
Creek  is  the  major  source  of  pollutants. 
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lite  No.:  03 

.ample  Location:  Spring  Creek  upstream  from  Corbin  Creek 


Number  of  Exceedences 


Parameter 

Sample 
Si  ze 

Minimum 

Value 

Mean 

Maximum 
Val  ue 

Public  Health 
and  Aesthetics 

Aquatic 

Life 

Acid  Mine 
Drainage 

Streamflow  (cfs) 

3 

1 

2.6 

3.4 

Specific  conduc- 
tance (umhos/cm^ 
3 25°  C 

3 

337  3 

69.7 

388 

aH 

2 i 

8.2 

8 . 5j 

8.8 

0 

Alkalinity  (mg/1 
as  CaCOg) 

i 

30 

30  1 

30 

0 

Hardness  (mg/1 
as  CaC03) 

i 

137 

137 

137 

0 

Sulfate  (mg/1) 

3 

115 

124 

137 

' 

3 

Turbidity  (NTU) 

1 

.5 

. 5 

. 5 



0 

Total  Suspended 
Solids  (mg/1) 

1 

. 

5.3 

..  . 

5.3 

5.3 

25 

mg 

0 

80 

mg 

0 

Total  Suspended 
Solids  (lb/day) 

1 

97 

97 

97 

*TR  Iron  (mg/1 ) 

3 

.11 

.22 

.39 

1 

0 

TR  Iron  (lb/day) 

3 

2 

2.3 

2.8 

TR  Copper  (mg/1 ) 

3 

<01 

.01 

. 01 

0 

i 0 

TR  Copper  (lb/day) 

3 

<.0  5 

.12 

. 18 

TR  Zinc  (mg/1 ) 

3 : 

.04 

- J 

.07 

. 

.12 

0 

0 

TR  Zinc  (lb/day) 

3 

.65 

. 76 

.92 

— . — — 

TR  Manganese  (mg/1 ) 

3 

. 03 

. 0 5 

1 • 09 

1 

TR  Manganese  (.lb/day) 

3 

.48 

.52 

.55 

TR  Lead  (mg/1) 

- 

1 

<.  05 

j <•  05 

<.  05 

0 

0 

TR  Lead  (lb/day) 

1 

<.  89 

j <.  89 

<.  89 

TR  Arsenic  (mg/1 ) 

2 

.019 

.021 

. 023 

0 

0 

- 

TR  Arsenic  (lb/day) 

2 

j .12 

.23 

. 34 

TR  Cadmium  (mg/1 ) 

2 

<.  001 

<.001 

5 <.005 

0 

0 

TR  Cadmium  (lb/day) 

2 

<.  005 

<.09 

<.09 

*TR  refers  to  total  recoverable  analysis  method.  See  Methods  Section  p.  3 


Spring  Creek  drainage  --  surface-water  sites 


Site  04 

Corbin  Cr.  near  mouth  at  Corbin 

Most  of  the  mine-related  water  pollutants  detected  in  lower  Spring 
Creek  clearly  originated  from  within  the  Corbin  Creek  drainage,  des- 
pite its  very  small  discharge-  Yellowboy  was  observed  staining  the 
Corbin  Creek  streambottom  throughout  its  length  and  extending  into 
the  Spring  Creek  channel. 

Metals  and  sediment  loads  and  concentrations  were  greater  at  this 
site  than  at  any  of  those  previously  discussed,  on  the  two  occasions 
that  monitoring  was  performed  at  all  the  sites  on  the  same  day. 
Additionally,  each  time  this  site  was  monitored,  all  acid  mine  drain- 
age criteria  were  met.  Most  of  the  zinc,  copper  and  manganese  — 
and  a substantial  amount  of  iron  — were  in  the  dissolved  form  at 
the  time  of  the  April  1980  monitoring,  further  confirming  the 
presence  of  acid  mine  drainage. 

Corbin  Creek  was  probably  the  source  of  those  acid  mine  drainage 
indicators  that  showed  up  downstream  in  Spring  Creek  (at  Sites  01 
and  02 ) . 

Except  for  lead,  all  of  the  public  health  and  aesthetics  criteria 
were  exceeded  routinely  in  Corbin  Creek  near  its  mouth.  Sediment, 
copper,  zinc  and  cadmium  exceeded  limits  for  the  protection  of  aquatic 
life  each  time  those  parameters  were  monitored;  their  combined  effects 
were  clearly  sufficient  to  explain  the  biological  sterility  observed 
at  this  site.  Lead  and  arsenic,  however,  did  not  pose  threats  to 
aquatic  life  when  samples  were  taken. 
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Site  No.:  04 

Sample  Location:  Corbin  Creek  near  mouth  at  Corbin 


Number  of  Exceedences 


Parameter 

Sample 

Size 

Minimum 

Value 

Mean 

Maximum 
Val  ue 

Public  Health 
and  Aesthetics 

Aquatic 

Life 

Acid  Mine 
Drainage 

Streamflow  (cfs) 

3 

.3 

.6 

1 

Specific  conduc- 
tance (umhos/cm^ 
0 25°  C 

3 

1671  ] 

L953.6 

2355.7 

PH 

3 

2.9 

3 I 

3.1 

3 

Alkalinity  (mg/1 
as  CaCOg) 

3 

1.27 

Acidity  ? 

.95  1 
vriditi 

.78 

j Acidity 

3 

Hardness  (mg/1 
as  CaC03 ) 

1 

452 

452 

452 

• 

1 

Sulfate  (mg/1) 

3 

829 

974 

1210 

• 

3 

Turbidity  (NTU) 

1 

280 

280 

280 

1 

Total  Suspended 
Solids  (mg/1 ) 

1 

291 

291 

291 

25 

mg 

1, 

80 

mg 

1 

Total  Suspended 
Solids  (Ib/day) 

1 

470 

470 

470 

*TR  Iron  (mg/1) 

3 

47.9 

72 

118 

3 

3 

TR  Iron  (lb/day) 

3 

77 

270 

640 

TR  Copper  (mg/1 ) 

3 

3 

4.2 

6.2 

3 

3 

TR  Copper  (lb/day) 

3 

5.5 

15 

33 

TR  Zinc  (mg/1 ) 

_ 

3 

61 

83.7 

115 

3 

3 

TR  Zinc  (lb/day) 

3 

99 

240 

400 

TR  Manganese  (mg/1) 

3 

76.2 

110 

155 

3 

TR  Manganese  (.lb/day) 

3 

120 

320 

530 

TR  Lead  (mg/1) 

1 

<.05 

<.05 

<05 

0 

0 

TR  Lead  (lb/day) 

1 

«.  10 

<.10 

<10 

TR  Arsenic  (mg/1 ) 

2 

.025 

.200 

.374 

1 

0 

TR  Arsenic  (lb/day) 

2 

.05 

1 

2 

1 

TR  Cadmium  (mg/1 ) 

2 

.287 

.294 

.300 

2 

2 

j 

TR  Cadmium  (lb/day) 

2 

.60 

1.1 

1.6 

*TR  refers  to  total  recoverable  analysis  method.  See  Methods  Section  p.  3 


Spring  Creek  drainage  --  surface-water  sites 


Site  05 

Corbin  Cr.  just  downstream  from  Alta  Mine  drainage 

Data  for  this  site  were  limited  to  the  results  of  the  April  1980 
survey.  Water  quality  was  significantly  worse  here  than  at  Site  04, 
just  one  mile  downstream.  All  parameters  for  which  data  were  avail- 
able greatly  surpassed  the  applicable  criteria,  including  the  acid 
mine  drainage  characteristics. 

Metals  concentrations  and  loads  exceeded  all  the  previously  exa- 
mined sites  by  nearly  twice.  Ninety  or  more  percent  of  the  mangan- 
ese, copper  and  zinc  and  substantial  amounts  of  iron  were  dissolved, 
indicating  the  influence  of  acid.  And  the  sediment  loads  measured 
at  this  site  in  April  1980  greatly  exceeded  loads  at  all  other 
locations  monitored  at  that  time  (Figure  23).  Thus,  it  is  clear 
that  upper  Corbin  Creek  was  the  major  source  of  metals  and  sediment 
in  the  Spring  Creek  drainage  in  mid- April,  1980. 

Between  Site  05  and  04,  sulfate,  hardness,  metals  and  dissolved 
solids  concentrations  decreased  markedly.  Conversely,  the  pH  in- 
creased and  --  although  no  alkalinity  was  detectable  at  either  site 
— acidity  was  reduced.  Apparently,  the  acid  mine  drainage  at  Site 
05  was  neutralized  partially  while  flowing  downstream  through  con- 
tact with  streambed  rock.  As  the  acidic  conditions  were  reduced 
somewhat,  precipitation  of  dissolved  metals  and  other  minerals 
occurred.  Figures  24  through  27  depict  the  marked  reduction  in 
dissolved  iron,  zinc,  copper  and  manganese  between  Sites  05  and  04. 

In  a similar  fashion,  sediment  loads  decreased  by  about  600  pounds 
per  day  (as  shown  in  Fig.  23),  apparently  through  deposition  within 
the  stream  channel.  Accompanying  this  sediment  loss  was  the  reduc- 
tion by  about  30  pounds  per  day  of  suspended,  non-dissolved  iron. 

Although  the  natural  recovery  of  Corbin  Creek  between  Site  05  and 
the  stream's  mouth  was  significant,  water  quality  at  the  mouth 
remained  exceedingly  poor.  And  the  pollutants  deposited  instream 
between  the  two  sites  remained  ready  to  be  carried  downstream  by 
higher  flows,  such  as  those  of  May,  1981. 


102 


site  No . : 05 

sample  Location:  Corbin  Creek  just  downstream  from  Alta  Mine  drainage 


Number  of  Exceedences 


t 


Parameter 

Sample 
Si  ze 

Minimum 
Val  ue 

Mean 

Maximum 

Value 

Public  Health 
and  Aesthetics 

Aquatic 

Life 

Acid  Mine 
Drainage 

Streamflow  (cfs) 

1 

.3 

.3 

.3 

Specific  conduc- 
tance (umhos/cm^ 
p 25°  C j 

1 

• 

2620 

2620 

2620 

pH 

1 

2.7 

2.7  1 

2.7 

1 

Alkalinity  (mg/1 
as  CaCOg) 

1 

2.06 

Acidity 

2.06 
Acid  it) 

1 

2.06 

/ Acidity 

1 

Hardness  (mg/1 
as  CaC03) 

1 

561 

561 

561 

. . r 

1 

Sulfate  (mg/1) 

1 

1306 

1306 

1306 

* 

1 

turbidity  (NTU) 

1 

440 

440 

440 

1 

Total  Suspended 
Solids  (mg/1) 

1 

662 

662 

662 

m 

i 

mg 

1 

Total  Suspended 
Solids  (Ib/day) 

1 

1100 

1100 

_ 

1100 

*TR  Iron  (mg/1 ) 

1 

101 

101 

101 

1 

1 

TR  Iron  (Ib/day) 

1 

160 

160 

160 

TR  Copper  (mg/1 ) 

1 

5.07 

5.07 

5.07 

1 

i 

TR  Copper  (Ib/day) 

1 

8.2 

8.2 

8.2 

TR  Zinc  (mg/1 ) 

i 

1 ; 

106 

106 

106 

1 

i 

TR  Zinc  (lb/day) 

1 

- 

170 

170 

170 

TR  Manganese  (mg/1 ) 

1 

148 

148 

148 

1 

TR  Manganese  (.lb/day) 

i 1 

240 

240 

240 

TR  Lead  (mg/1 ) 

0 

TR  Lead  (lb/day) 

0 

TR  Arsenic  (mg/1 ) 

0 

- 

TR  Arsenic  (lb/day) 

0 

TR  Cadmium  (mg/1 ) 

0 

j 

TR  Cadmium  (lb/day) 

i ° 

*TR  refers  to  total  recoverable  analysis  method.  See  Methods  Section  p.  3 


Spring  Creek  drainage  --  surface-water  sites 


Site  06 

Corbin  Cr.  upstream  from  Alta  Mine  drainage 


Water  quality  in  Corbin  Creek  upstream  of  the  Alta  Mine  drainage 
was  much  better  than  in  lower  Corbin  Creek,  and  --  in  some  respects 
--  better  than  in  Spring  Creek  near  its  mouth. 

During  the  April  1980  monitoring,  zinc  and  manganese  concentra- 
tions were  much  lower  than  at  any  of  the  sites  thus  far  examined, 
except  for  Spring  Creek  upstream  from  Corbin  Creek.  Although  acid 
mine  drainage  criteria  were  exceeded  for  hardness,  sulfate  and  iron, 
the  alkalinities  and  pH's  were  consistently  high  (the  reverse  of 
acid  drainage  criteria) . This  seemed  to  indicate  the  presence  of 
acid  mine  drainage  somewhere  upstream  and,  as  we  shall  see,  histo- 
rical data  confirm  this  conclusion,  even  though  yellowboy  was  not 
present  at  this  site. 

The  worst  problem  here  was  a high  metal-bearing  sediment  load. 

The  Corbin  Creek  headwaters  --  upstream  of  the  Alta  Mine  discharge 
— apparently  was  the  area  of  greatest  sediment  contribution  in  the 
Spring  Creek  drainage.  This  is  not  hard  to  understand.  The  topo- 
graphy adjacent  to  the  creek  near  here  consisted  of  denuded  tailings 
piles,  a washed-out  tailings  pond,  and  some  very  extensive,  actively 
sloughing  cutbanks.  The  small  stream  was  quite  turbid. 

Associated  with  the  sediment  were  appreciable  concentrations  of 
copper,  manganese  and  iron.  In  fact,  it  appears  that  in  April  1980, 
this  site  was  the  single  most  important  source  of  total  recoverable 
iron  and  the  second  most  important  source  of  total  recoverable  copper 
in  the  Spring  Creek  drainage.  Figures  24,  25  and  27  show  that  almost 
none  of  the  copper  and  iron  was  dissolved.  Thus,  most  of  the  metals 
were  in  the  form  of  sediment  complexes. 
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Site  No. : 06 

Sample  Location:  Corbin  Creek  upstream  from  Alta  Mine  drainage 


Number  of  Exceedences 


Parameter 

Sample 

Size 

Minimum 

Value 

Mean 

Maximum 

Value 

Public  Health 
and  Aesthetics 

Aquatic 

Life 

j Acid  Mine 
| Drainage 

Streamflow  (cfs) 

2 

. 04 

. 10 

. 15 

Specific  conduc- 
tance (umhos/cm3 
0 25°  C 

2 

586 

649 

712.1 

pH 

2 

7.5 

7. li 

7.9 

0 

Alkalinity  (mg/1 
as  CaC03) 

1 

60 

60  ! 

60 

0 

Hardness  (mg/1 
as  CaC03) 

1 

273 

273 

273 

1 

Sulfate  (mg/1) 

2 

215 

221 

227 

• 

2 

Turbidity  (NTU) 

1 

470 

470 

470 

1 

Total  Suspended 
Solids  (mg/1) 

1 

965 

965 

965 

25 

mg 

l 

80 

mg 

1 

Total  Suspended 
Solids  (Ib/day) 

1 

780 

780 

780 

*TR  Iron  (mg/1)  i 

3 

.81 

89.9 

268 

3 

3 

TR  Iron  (Ib/day) 

2 

. 19 

110 

220 

TR  Copper  (mg/1 ) 

3 

.26 

1.48 

3.72 

1 

3 

TR  Copper  (Ib/day) 

2 

.06 

1.5 

3 

TR  Zinc  (mg/1 ) 

3 ' 

.22 

. 73 

1.40 

0 

1 

TR  Zinc  (lb/day) 

2 

. 13 

. 16 

.18 

TR  Manganese  (mg/1 ) 

3 

.29 

.64 

1.05 

1 

3 

TR  Manganese  (.lb/day) 

2 

.07 

. 46 

. 85 

TR  Lead  (mg/1) 

1 

<.  05 

<.0  5 

<.0  5 

0 

0 

TR  Lead  (lb/day) 

0 

TR  Arsenic  (mg/1 ) 

2 

.001 

.001 

. 001 
i 

0 

0 

1 

TR  Arsenic  (lb/day) 

1 

<.01 

<.  01 

<.01 

1 

TR  Cadmium  (mg/1 ) 

2 

. 010 

.014 

j .018 

1 

2 

j 

TR  Cadmium  (lb/day) 

1 

<.01 

<.  01 

j <.  01 

*TR  refers  to  total  recoverable  analysis  method.  See  Methods  Section  p.  3 


Spring  Creek  drainage  — surface-water  sites 


Site  07 

Alta  Mine  drainage 

The  Alta  Mine  drainage  originates  about  one  mile  southwest  of 
upper  Corbin  Creek.  It  emerges  from  an  adit  on  Alta  Mountain.  The 
source  of  the  discharge  is  groundwater  intersected  by  one  or  more 
of  the  many  tunnels  of  the  inactive  mine.  After  leaving  the  adit, 
the  drainage  flows  a short  way,  then  goes  underground.  But  it  re- 
surfaces at  the  base  of  a large  tailings  dump.  The  flow  then  conti- 
nues unobstructed  to  Corbin  Creek.  It  is  likely  that  pollutants 
detectable  in  the  drainage  originate  both  inside  the  mine  and 
in  the  tailings  pile. 

Despite  its  small  discharge,  the  Alta  Mine  drainage  was  without 
question  the  single  most  important  source  of  metals  and  acid  in 
Spring  Creek.  pH  values  as  low  as  2.4  (very  acidic)  and  sulfate  con- 
centrations nearly  double  those  recorded  elsewhere  were  detected  in 
the  Alta  discharge.  The  hardness  value  also  was  the  highest  observed. 
In  April  1980,  the  less  than  7 O-gallon-per-minute  discharge  poured 
approximately  250  pounds  of  manganese,  180  pounds  of  zinc,  140  pounds 
of  iron,  130  pounds  of  sediment  and  more  than  5 pounds  of  copper  per 
day  into  Corbin  Creeki  The  metals  were  nearly  100  percent  dissolved. 

All  the  applicable  criteria  were  exceeded  at  Site  07.  Arsenic 
and  lead,  however,  were  monitored  only  in  1974  and  1979,  respectively, 
and  did  not  exceed  criteria. 

Snowmelt  runoff  was  below  normal  in  April  1980  and  peak  flows  in 
the  Corbin  Creek  drainage  did  not  materialize.  The  author  feels  that 
documented  metal  loads  would  be  greatly  surpassed  under  heavy  runoff 
conditions  because  of  increased  leaching  of  the  Alta  Mine  tailings 
at  the  head  of  this  drainage.  Braico  and  Botz  (1974)  and  Traynor 
(1969)  concluded  that  the  seasonal  fluctuation  in  the  quality  of 
this  discharge  was  a result  of  increased  runoff  and  leaching  in  the 
spring  of  the  year.  Load  calculations  for  Spring  Creek  below 
Corbin  Creek  in  May  1975  surpassed  April  1980  loads  in  the  Alta 
Mine  discharge  by  278,  54,  35  and  23  times  for  manganese,  zinc, 
iron,  and  copper  respectively.  The  major  portion  of  these  metals 
measured  in  1975  may  very  well  have  originated  in  the  Alta  Mine 
discharge . 

A comparison  of  the  metals  load  in  the  Alta  Mine  drainage  in 
April  1980  with  the  loads  measured  in  Corbin  Creek  above  and  below 
the  Alta  discharge  (Sites  06  and  05)  on  the  same  day  reveals  the 
following:  As  the  acidic  Alta  discharge  flowed  into  Corbin  Creek, 

some  of  the  acid  was  neutralized  by  Corbin  Creek's  alkalinity.  The 
resulting  pH  increase  caused  precipitation  of  some  of  the  dissolved 
zinc,  manganese  and  iron  that  came  from  the  Alta.  However,  all  of 
the  Alta's  dissolved  copper  remained  in  solution  after  it  mixed  with 
Corbin  Creek.  And  a drop  in  Corbin  Creek's  pH  from  Site  06  to  Site 
05  caused  most  of  tho  creek's  particulate  copper  to  dissolve  also. 
Thus,  the  Alta  Mine  drainage  is  not  only  a critical  metals  source, 
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Site  No.:  07 

Sample  Location:  Alta  Mine  drainage 


Number  of  Exceedences 


Parameter 

Sample 
Si  ze 

Minimum 

Value 

Mean 

Maximum 

Value 

Public  Health 
and  Aesthetics 

Aquatic 

Life 

Acid  Mine 
Drainage 

Streamflow  (cfs) 

3 

.01 

.06 

.15 

Specific  conduc- 
tance (umhos/cm^ 
@ 25°  C 

1 

4280 

4280 

4280 

pH 

2 

2.4 

4 i 

5 . 5 

2 

Alkalinity  (mg/1 
as  CaCOg) 

1 

3.  75 

3. 75  ( 
Acid: 

3.75 

frr 

1 

ty 

Hardness  (mg/1 
as  CaC03) 

1 

868 

868 

868 

1 

Sulfate  (mg/1 ) 

1 

2550 

2550 

2550 

• 

1 

Turbidity  (NTU) 

1 i 

385 

385 

385 

1 

. 

Total  Suspended 
Solids  (mg/1) 

2 | 

165 

1947 

3729 

25 

m 

2 

80 

mg 

2 

Total  Suspended 
Solids  (Ib/day) 

2 

130 

180 

220 

*TR  Iron  (mg/1 ) 

3 1 

160 

297.5 

558.6 

3 

3 

TR  Iron  (Ib/day) 

3 

8.8  i 

60 

140 

TR  Copper  (mg/1 ) 

2 

. 75 

3.72 

6 .70 

3 1 

2 

TR  Copper  (lb/day) 

2 

.04 

2.7 

5.4 

TR  Zinc  (mg/1 ) 

3 ; 

226 

349.7 

493.2 

3 

3 

TR  Zinc  (lb/day) 

3 

18 

76 

180 

TR  Manganese  (mg/1) 

3 

307 

185 . 7 

670 

3 

TR  Manganese  (.lb/day) 

i 

3 

j 26 

| 104 

250 

TR  Lead  (mg/1 ) 

1 

<.0  5 

<.0  5 

<.05 

0 

0 

TR  Lead  (lb/day) 

1 

<01 

<.01 

<01 

TR  Arsenic  (mg/1 ) 

1 

.03 

. 03 

.03 

0 

0 

TR  Arsenic  (lb/day) 

1 

<.  01 

<.01 

<01 

■i 

TR  Cadmium  (mg/1 ) 

1 

. 32 

. 32 

. 32 

1 1 

1 

f 

j 

TR  Cadmium  (lb/day) 

1 

. 02 

. 02 

. 02 

| 

*TR  refers  to  total  recoverable  analysis  method.  See  Methods  Section  p.  3 


it  also  dissolves  metals  from  other  sources  by  lowering  pH. 

In  summary,  the  Alta  Mine  drainage  contained  the  worst  quality 
water  and  was  the  greatest  single  source  of  heavy-metal  loads  in 
the  Spring  Creek  drainage  when  examined  in  April  1980. 


/ 
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Spring  Creek  drainage  --  historical-data  sites 


Site  08 

Drainage  from  Bertha  tailings  dump 

Several  small-volume  seeps  enter  upper  Corbin  Creek  at  points 
upstream  of  Site  06.  Site  06,  if  you  recall,  displayed  a sediment 
problem  and  moderately  low  levels  of  dissolved  zinc  and  maganese. 
Other  metals  present  primarily  were  associated  with  sediment.  In 
1979,  the  Department  of  State  Lands  sampled  one  of  the  small  seeps 
originating  at  the  base  of  the  extensive  Bertha  Mine  tailings 
dump  above  Site  06. 

Although  few  parameters  were  analyzed  during  the  DSL  testing, 
the  seep  was  shown  to  have  the  characteristics  of  acid  mine  drain- 
age (low  pH  and  high  iron  content) . Zinc  and  manganese  were 
present  in  high  concentrations,  but  the  loads  contributed  to  Corbin 
Creek  were  insignificant  because  of  the  small  discharge. 

Indications  of  acid  drainage  were  present  downstream  from  the 
Bertha  seeps,  but  the  alkalinity  in  Corbin  Creek  apparently 
neutralized  the  acid  and  caused  precipitation  of  most  metals. 

The  relatively  low  dissolved  zinc  and  manganese  concentrations 
at  Site  06  may  have  originated  from  the  seeps,  but  it  is  likely 
that  the  sediment  and  associated  metals  did  not. 

Compared  to  other  problems  in  the  Corbin  Creek  drainage,  the 
drainage  from  the  Bertha  tailings  dump  (Site  08)  doesn't  cause 
much  concern. 


Site  09 

Seep  from  base  of  Alta  Mountain 

This  seep  originated  on  the  south  side  of  Alta  Mountain  and  flowed 
into  an  unnamed,  intermittent  tributary  which  flows  into  the  head- 
waters of  Spring  Creek  only  during  excessive  runoff.  Normally,  the 
tributary  dries  up  or  seeps  into  the  ground  somewhere  just  north  of 
Wickes . 

Pedersen  monitored  this  discharge  during  his  Boulder  Batholith 
study  in  1977.  Although  the  available  data  suggest  an  acid  mine 
seep,  only  iron  and  manganese  concentrations  were  excessive.  Due 
to  the  very  small  size  of  the  discharge  (1  gallon  per  minute), 
effects  on  receiving  streams  would  most  likely  be  minimal. 

Compared  to  other  problem  areas  in  the  Spring  Creek  drainage, 
this  site,  too,  was  of  minimal  concern. 
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Spring  Creek  drainage  --  historical -data  sites 


Site  1 0 

\ 

Seep  from  Washington  mine 

This  mine  discharge,  located  northwest  of  Wickes,  flowed  through 
a series  of  washed-out  tailings  ponds  and  entered  another  unnamed, 
intermittent  tributary  above  the  headwaters  of  Spring  Creek  (Peder- 
sen, 1977).  Like  Site  09,  rarely  would  this  seep  discharge  into 
Spring  Creek. 

On  the  two  occasions  that  this  seep  was  sampled  (Pedersen  in 
1977,  DSL  in  1979),  pH's  were  highly  variable  and  the  seep  carried 
elevated  levels  of  iron,  zinc  and  manganese.  In  1977,  arsenic 
levels  were  detectable. 

The  author  feels  that  this  site  may  exceed  the  two  previously 
discussed  sites  in  importance,  but  it  should  take  a very  low  priority 
when  compared  to  the  other  sources  of  pollutants  which  consistently 
reach  perennial  surface  waters. 


Site  1 1 

Mine  seep  on  Wood  Chute  Cr. 

The  mine  seep  on  Wood  Chute  Creek  due  west  of  Wickes  was  sampled 
once  --  by  Pedersen  in  1977.  The  discharge  rate  at  the  time  of 
sampling  was  rather  large  compared  to  the  other  historical-data 
sites.  Water  quality  also  was  the  worst. 

Although  data  did  not  suggest  an  acid  drainage  situation,  iron, 
zinc,  manganese,  lead  and  arsenic  levels  were  excessive.  Fortunately, 
like  other  sites,  this  seep  flowed  underground  within  a quarter  mile 
of  its  origin  and  never  reached  Spring  Creek. 

If  reclamation  efforts  were  attempted,  this  site  should  be  given 
attention  over  the  other  three  historical-data  sites. 
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Site  No.:  08  through  11 

Sample  Location:  Additional  historical-data  sites 


Site  Number  Number  of  Exceedences 


Parameter 

08 

09  10a 

10b 

11 

Public  Health 
and  Aesthetics 

Aquatic 

Life 

Acid  Mine 
Drainage 

Streamflow  (cfs) 

. 01 

<.  01 

.16 

.30 

y 

JL 

Specific  conduc- 
tance (umhos/cm^ 
@ 25°  C 

818 

554 

. 

1145 

pH 

5 | 

■ 

6 

7.2 

4.5 

7 

2 . 

Alkalinity  (mg/1 
as  CaCOg) 

1 

Hardness  (mg/1 
as  CaC03) 

* 

Sulfate  (mg/1) 

445 

. . _ 

200 

675 

• 

3 

Turbidity  (NTU) 

| 

Total  Suspended 
Solids  (mg/1) 

Total  Suspended 
Solids  (lb/day) 

*TR  Iron  (mg/1 ) 

2.32 

37 

5.9 

3.17 

17 

5 

5 

TR  Iron  (lb/day) 

. 14 

. 44 

3.5 

2.7 

27 

TR  Copper  (mg/1 ) 

. 15 

<.01 

<.  01 

.01 

.23 

0 

I...2 

TR  Copper  (lb/day) 

.01 

<.  01 

<.01 
L,  J .IT 

.01 

.37 

TR  Zinc  (mg/1 ) 

2.92: 

. 72 

3.1 

1.66 

24 

1 

5 

TR  Zinc  (lb/day) 

. 18 

<.01 

. 

i 

i 1.9 

1.4 

39 

TR  Manganese  (mg/1 ) 

5.50 

18 

2 . 9 

3.22 

13 

5 

TR  Manganese  (.lb/day) 

.33 

| .22 

1.7 

2.7 

21 

TR  Lead  (mg/1 ) 

. 07 

<.0  5 

c 05 

<.05 

1.6 

2 

0 

>1 

TR  Lead  (lb/day) 

<.01 

<.01 

<.0  3 

<.04 

2.6 

TR  Arsenic  (mg/1 ) 

<.004 

.18 

5.1 

2 

1 

TR  Arsenic  (lb/day) 

<.01 

. 11 

| 

8.2 

TR  Cadmium  (mg/1) 

<.  0 05 

.005 

j 

.12 

1 

1 

TR  Cadmium  (lb/day) 

<.01 

<.01 

| 

.19 

*TR  refers  to  total  recoverable  analysis  method.  See  Methods  Section  p.  3 


Spring  Creek  drainage  --  domestic  water  supplies 


Sites  12 — 15 

Wells,  spring  and  sump  in  Corbin  area 

Of  the  four  domestic  water  supplies  that  were  sampled  in  the 
Corbin  area,  two  were  relatively  deep  wells,  one  was  a spring,  and 
one  was  a sump  located  next  to  Corbin  Creek. 

A review  of  the  chemical  data  showed  Roane's  sump  (Site  15)  to 
be,  not  suprisingly,  the  most  contaminated  water  supply.  The  water 
was  nothing  more  than  Corbin  Creek  water  which  had  been  allowed  to 
percolate  through  a layer  of  alluvium,  removing  much  of  the  suspen- 
ded solids  and  non-dis solved  metals.  The  owner  at  first  had  planned 
on  using  the  supply  for  household  purposes  other  than  drinking. 
However,  the  acidic  water  corroded  the  iron  plumbing,  which  soon 
became  useless. 

George  Fussell's  spring  (Site  12) , located  just  above  Corbin  on 
a hillside  overlooking  Corbin  Creek,  showed  no  evidence  of  mine- 
related  contamination.  Although  hardness  and  sulfate  values 
slightly  exceeded  mine  drainage  criteria,  it  was  most  likely  a 
natural  condition.  Metals  and  specific  conductance  levels  were  low 
and  pH  and  alkalinity  normal. 

Leo  and  Bob  Zitnik's  wells  (Site  13  and  14),  despite  their  depths 
below  the  Corbin  Creek  drainage,  seemed  to  show  indications  of 
mine-caused  contamination.  Specific  conductance,  hardness  and  sul- 
fate were  relatively  high.  Zinc  was  extremely  high  for  uncontaminated 
groundwater,  although  below  drinking-water  limits.  The  iron  concen- 
tration was  substantial  in  Leo  Zitnick's  well  and  exceeded  taste 
and  staining  thresholds. 

Although  threats  to  public  health  were  not  indicated  in  any  of 
the  drinking-water  supplies  that  were  examined  (Roane's  sump  is  not 
used  for  drinking) , evidence  of  mine-related  contamination  in  two 
of  the  other  three  sources  is  apparent.  Other  wells  in  Corbin  have 
been  abandoned  in  the  past,  reportedly  because  of  mine-related 
pollution.  Therefore,  it  seems  safe  to  conclude  that  the  impacts 
of  mine  drainage  in  the  Corbin  Creek  area  extend  beyond  contaminated 
surface  waters. 
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Site  No. : 12  through  15 

Sample  location:  Dcmes tic  Water  Supplies 


Number  of  Exceedences 


Parameter 

Site 

12 

Number 

13 

14 

15 

Public  Health 
and  Aesthetics 

Aquatic 

Life 

Acid  Mine 
Drainage 

Well  depth 

NA 

93* 

45' 

14' 

Specific  conduc- 
tance (umhos/cm^ 
0 25°  C 

403 

720 

696 

1282 

pH 

7.9 

7.9 

7.2 

4.3 

1 

Alkalinity  (mg/1 
as  CaC03) 

93 

110 

88 

0 

1 

Hardness  (mg/1 
as  C aC03 ) 

171 

348 

334 

535 

4 

Sulfate  (mg/1) 

105 

247 

251 

675 

- 

4 

Turbidity  (NTU) 

Total  Suspended 
Solids  (mg/1) 

Total  Suspended 
Solids  (Ib/day) 

*TR  Iron  (mg/1)  j 

.01 

.55 

.16 

<.01 

1 

1 

TR  Iron  (Ib/day) 

TR  Copper  (mg/1 ) 

.03 

<.01 

<.01 

1.55 

. . __  _ 

1 

TR  Copper  (Ib/day) 

TR  Zinc  (mg/1 ) 

.02  ; 

1.47 

2.56 

43.76 

1 

TR  Zinc  (Ib/day) 

TR  Manganese  (mg/1 ) 

<.01 

.01 

<.01 

34.93 

1 

TR  Manganese  (.Ib/day) 

TR  Lead  (mg/1 ) 

1 

TR  Lead  (Ib/day) 

TR  Arsenic  (mg/1 ) 

<.001 

<.001 

A 

• 

o 

o 

] <.001 

0 

TR  Arsenic  (Ib/day) 

TR  Cadmium  (mg/1 ) 

TR  Cadmium  (lb/day) 

*TR  refers  to  total  recoverable  analysis  method.  See  Methods  Section  p.  3 
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Figure  26 

Zinc 

(load  in  Ib/day) 

§§  Total  recoverable 
llll  Dissolved 

April  16,  1980 


V 


117 


r 


Mine 

11 


I 

N 


Washington  Mine 

10 


V. 


i 

/ 

v 


7 


O'-- 


Wickes 


spring 


/ 


© Surface  water  monitoring  sites 
A Domestic  water  supply  monitoring  sites 
Additional  historical  data  sites 


Figure  27 


Copper 

(load  in  Ib/day) 


Total  recoverable 
Dissolved 

April  16,  1980 


01  02  03  04  05  06  07 


118 


Conclusions 

and 


recommendations 


Conclusions 


Major  conclusions  which  can  be  drawn  from  a review  of  data  for 
the  individual  collection  sites  are: 


Surface-water  sites 


1.  At  the  sites  examined  in  April  1980,  frequency  of  criteria  ex- 
ceeded and  pollutant  concentrations  and  loads  all  generally 
increased  in  Spring  Creek  with  increasing  proximity  to  Corbin 
Creek,  and  in  Corbin  Creek  with  increasing  proximity  to  the 
Alta  Mine  discharge. 

2 . Spring  Creek  upstream  from  Corbin  Creek  contained  good  to  ex- 
cellent quality  water  at  the  times  the  samples  were  taken. 

3.  Corbin  Creek  upstream  from  the  Alta  Mine  drainage  was  the 
most  critical  source  of  sediment  in  the  Spring  Creek  drainage. 

4.  The  Corbin  Flats  area  was  never  documented  as  contributing  sub- 
stantial sediment  loads  to  lower  Spring  Creek.  However,  it  was 
shown  that  this  area  is  capable  of  adding  to  the  metals  load 

in  lower  Spring  Creek  during  periods  of  very  high  snowmelt  runoff. 

5.  The  discharge  from  the  Alta  Mine  was  identified  as  the  most  sig- 
nificant source  of  metals  and  acid  in  the  Spring  Creek  drainage. 


Historical-data  sites 


The  intermittent  drainages  in  the  Wickes  area  above  the  origin  of 
Spring  Creek  received  poor-quality  mine  seeps.  Data  were  very  limi- 
ted. Only  on  rare  occasions  do  the  flows  reach  Spring  Creek. 
Pollutant  concentrations  and  their  effects  on  Spring  Creek  at  such 
times  have  never  been  documented. 

The  presence  of  an  apparently  healthy  and  self-sustaining  fishery 
in  upper  Spring  Creek  (isolation  is  imposed  by  the  entrance  of 
Corbin  Creek  downstream)  seems  to  discount  the  possibility  of 
intermittent  but  acutely  toxic  metals  concentrations  in  this  part 
of  the  creek. 


Domestic  water  supplies 

Of  four  sites  examined,  a sump  and  two  fairly  deep  wells  close 
to  Corbin  Creek  showed  evidence  of  mine-related  contamination.  The 
sump  contained  undiluted  Corbin  Creek  water  and  was  unfit  for  do- 
mestic use.  The  two  wells  drew  from  underground  reservoirs  and 
showed  high  sulfate,  hardness  and  zinc  levels.  However,  the  use  of 
this  water  did  not  pose  threats  to  human  health. 
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Recommendations 


According  to  the  Department  of  State  Lands,  the  Spring  Creek 
drainage  has  received  approval  by  the  federal  Office  of  Surface 
Mining  as  a priority  reclamation  project  under  the  Abandoned  Mine 
Lands  reclamation  program.  Requests  for  funding  currently  are 
being  made. 

Based  on  the  findings  of  this  study,  the  following  efforts  would 
result  in  the  most  significant  improvements  in  Spring  Creek  and, 
in  turn,  in  Prickly  Pear  Creek  water  quality: 

1.  The  Alta  Mine  drainage  should  be  the  Number  One  reclamation 
priority  area.  There  is  little  doubt  that  it  is  the  most 
critical  acid  and  metal  source  in  the  entire  Prickly  Pear 
drainage.  It  is  advised  that  the  pollutant  source  be  eli- 
minated by  plugging  the  Alta  Mine  adit  where  the  flow  ori- 
ginates, or  by  chemical  treatment  of  the  discharge  to  raise 
and  stabilize  the  pH  and  precipitate  the  metals.  Removal  of 
the  precipitated  metals  would  be  necessary. 

2.  The  second  priority  reclamation  area  should  be  the  headwaters 
of  Corbin  Creek  upstream  from  the  entrance  of  the  Alta  dis- 
charge. This  area  is  the  most  significant  source  of  sediment 
and  turbidity  in  Spring  Creek.  Efforts  should  be  directed 
toward  elimination  of  the  critical  sediment  sources  --  the 
Bertha  Mine  tailings,  other  unvegetated  tailings  piles,  and 
the  unstable  soils  and  streambanks  in  general.  Physical 
removal  of  tailings  most  likely  will  be  required.  Additional 
topsoil  and  vegetation  will  have  to  be  brought  in  to  stabilize 
the  resultant  scars.  A reduction  of  the  sediment  load  in  this 
area  will  reduce  heavy  metals  which  are  bound  to  the  sediment. 

3.  Due  to  limited  and  possibly  inaccurate  data,  a sediment  problem 
has  not  been  proven  in  the  Corbin  Flats.  However,  with  its 
unvegetated,  sloughing  streambanks,  the  area  is  a prime  candi- 
date for  sediment  production  during  high  flows.  Metals  were 
shown  to  increase  in  Spring  Creek  as  it  flowed  through  the  flats 
under  heavy  runoff  conditions.  Therefore,  the  author  feels  the 
area  warrants  attention  as  a third  reclamation  priority.  Work 
should  be  directed  toward  stabilizing  the  streambanks  and  esta- 
blishing vegetation.  Riprap  may  be  required. 

4.  Future  water-quality  monitoring  in  the  Spring  Creek  drainage 
should  include  suspended-solids  measurements  upstream  and 
downstream  from  Corbin  Flats  in  conjunction  with  dissolved 
and  total-recoverable  or  total-metals  sampling. 

The  author  also  recommends  monitoring  of  Spring  Creek  above 
Corbin  Creek  when  there  is  direct  overland  flow  from  the  inter- 
mittent tributaries  near  Wickes.  This  would  document  the 
severity  of  pollution  in  Spring  Creek  at  such  times  and  determine 
health  hazards  to  Corbin  residents  who  drink  from  the  creek. 
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Part  IV 


‘ ‘Industrial’ * impacts 
on  Prickly  Pear  Creek 


Water  Quality  Bureau 

Department  of  Health  and  Environmental  Sciences 


July  1981 


Contact  person:  Rob  Greene,  449-2406 


Introduction 


Sitting  close  to  the  Prickly  Pear  are  nine  operations  which  have 
the  potential  for  impacting  the  creek.  They  are: 

o Hillbrook  Nursing  Home  at  Alhambra 
o Mascot  Silver  and  Lead  Mine  near  Clancy 
o Kaiser  Cement  Company  at  Montana  City 
o National  Cylinder  and  Gas  at  East  Helena 
o Asarco  Inc.  at  East  Helena 
o American  Chemet  at  East  Helena 
o East  Helena's  sewage-treatment  system 
° Helena  Sand  and  Gravel  Company  in  Helena  Valley 
o Helena's  sewage-treatment  system 

Of  these,  five  are  authorized  to  discharge  wastewater  to  Prickly 
Pear  Creek  under  the  Montana  Pollutant  Discharge  Elimination  System 
(MPDES ) . The  MPDES  program  was  established  in  1968  to  regulate  the 
discharge  of  potentially  harmful  effluents  to  Montana's  streams  and 
lakes,  and  is  administered  by  the  Water  Quality  Bureau.  Anyone  wishing 
to. discharge  must  have  a permit  which  sets  limits  on  the  quality  of 
the  effluent  to  be  discharged.  Those  limits  ensure  that  the  effluent's 
impact  on  state  waters  is  minimized. 

Permit  limits  vary  from  discharger  to  discharger,  depending  on 
the  existing  quality  of  a particular  stream  or  lake.  The  Prickly 
Pear  is  an  interesting  case.  The  upper  stretch  of  the  stream  — 
from  just  below  East  Helena  up  to  the  headwaters  --  is  classified  in 
Montana's  Water  Quality  Standards  as  B-l  and  must  be  maintained  at 
a quality  sufficient  for  drinking  and  food-preparation  purposes  (after 
conventional  treatment);  for  bathing,  swimming  and  recreation;  for 
fish  and  other  aquatic  life;  for  other  animal  life;  and  for  agricultu- 
ral and  industrial  uses.  However,  the  lower  Prickly  Pear  --  from  a 
point  beginning  at  the  Wylie  Drive  crossing  below  East  Helena  --  is 
given  an  E classif ication , the  lowest  classification  in  the  state. 

An  E-classified  stream  need  only  be  maintained  at  a quality  suitable 
for  agricultural  and  industrial  uses  other  than  food  processing. 

This  lower  stretch  of  the  creek  was  classified  E by  the  Water  Quality 
Bureau  in  1967  because  of  annual  dewatering. 

The  upshot  is:  discharge-permit  limits  are  stricter  for  the 
dischargers  in  the  upper  B-l  stretch  than  for  the  lower  E stretch. 

The  cities  of  Helena  and  East  Helena  are  the  only  discharge-permit 
holders  in  the  E stretch.  As  you  will  see  in  Part  V of  this  report 
(the  section  that  deals  in  detail  with  the  Helena  sewage-plant  dis- 
charge) , the  E classification  plays  a role  in  perpetuating  the  low 
quality  of  the  lower  Prickly  Pear. 

Let's  take  a look  at  each  "industry"  along  the  Prickly  Pear: 
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" Industrial " impacts 


Hillbrook  Nursing  Home 

Hillbrook  Nursing  Home  is  approximately  one  mile  south  of  Clancy 
at  the  confluence  of  Warm  Springs  and  Prickly  Pear  Creeks.  An 
extended-aeration,  activated-sludge  wastewater  treatment  plant  serves 
the  120  residents  and  staff,  and  treats  wastewater  from  20  mobile 
homes  in  the  area.  After  being  processed  in  the  activated-sludge 
unit  and  then  chlorinated,  the  wastewater  is  directed  to  a "polishing 
pond"  prior  to  discharge  to  the  Prickly  Pear. 

The  polishing  pond  also  receives  water  from  a hot  springs  which 
heats  the  facility's  effluent.  The  volume  of  hot  water  entering  the 
pond  varies  with  the  season.  Consequently,  the  effluent  from  the 
pond  can  be  made  up  of  from  40  to  80  percent  hot-springs  water. 

This  dilution  factor,  in  combination  with  an  effective  and  well 
run  treatment  plant,  results  in  an  effluent  which  has  a negligible 
effect  on  Prickly  Pear  Creek. 


Mascot  Mine 

The  Mascot  Mine  (also  known  as  Hab ' s Mine)  is  located  between 
Prickly  Pear  Creek  and  Interstate  15  about  lh  miles  north  of  Clancy. 

The  mine  is  a vertical  shaft  about  25  feet  east  of  the  creek.  Ground- 
water  in  the  shaft  is  pumped  to  the  surface.  An  investigation  by 
the  Water  Quality  Bureau  in  1976  showed  that  this  water  was  being 
discharged  directly  into  the  Prickly  Pear.  In  response  to  an  order 
from  the  bureau,  the  mine  operators  constructed  a settling/infiltra- 
tion pond  to  contain  and  treat  the  mine  water. 

On  March  13,  1980,  a citizen  complained  to  the  bureau  about  turbid 
conditions  in  the  creek  below  the  Mascot  Mine.  An  investigation 
found  that  the  streamside  berm  of  the  settling  pond  had  been  breached 
in  one  corner.  This  resulted  in  a small  surface  discharge  to  the 
creek  of  a greyish,  silt-laden  solution.  Due  to  the  low  rate  of 
discharge  in  relation  to  the  comparatively  high  flow  of  the  receiving 
stream,  there  was  no  detectable  increase  of  any  of  the  discharge's 
constituents  in  the  creek.  The  berm  was  repaired  soon  after  the 
inspection . 

The  Mascot  Mine  is  a potential  intermittent  source  of  sediment 
to  the  Prickly  Pear.  Due  to  the  small  area  available  for  the  operation 
and  the  proximity  to  the  creek,  adequate  construction  and  placement 
of  treatment  ponds  is  not  possible.  High  spring  flows  occasionally 
inundate  the  area  resulting  in  surface  runoff  and  possibly  short- 
circuiting  the  treatment  system. 

As  of  this  writing,  the  Mascot  Mine  is  shut  down.  It  is  not  known 
if  or  when  operations  will  start  again. 
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" Industrial 11  impacts 


Kaiser  Cement 

The  Kaiser  Cement  and  Gypsum  Corporation  is  located  near  Montana 
City.  Operations  at  the  present  site  were  begun  in  1963  (the  plant 
was  formerly  known  as  the  Permanente  Cement  Company) . Kaiser  pro- 
duces Portland  Cement  --  300  tons  of  it  a year,  according  to  a Kaiser 
official  --  and  employs  90  workers. 

Kaiser  is  authorized  to  discharge  wastewater  to  the  Prickly  Pear 
at  two  points  under  the  MPDES  program.  Discharge  001  consists  solely 
of  non-contact  cooling  water  (water  that  does  not  come  into  contact 
with  chemical  substances  inside  the  plant) . Discharge  002  is  ground- 
water  seepage  from  a percolation/evaporation  pond  for  process-water 
(water  "polluted"  inside  the  plant)  and  from  controlled  stormwater 
runoff.  Both  discharges  are  intermittent.  Kaiser  is  required  to 
treat  the  wastewater  discharged  at  both  points  to  achieve  prescribed 
levels  for  pH,  temperature  and  suspended  solids  as  defined  in  its 
permit . 

Kaiser  also  holds  a water  right  on  Prickly  Pear  Creek  to  ensure 
a back-up  water  supply,  but  stream  water  is  used  infrequently.  The 
main  source  of  water  for  Kaiser  is  a deep  well  on  the  property. 

Kaiser  has  been  the  source  of  two  known  episodes  that  resulted  in 
unauthorized  discharges  to  Prickly  Pear  Creek,  both  occurring  in  1974. 
The  first  occurred  in  January  when  snow  was  melting  rapidly  in  an 
onslaught  of  unusually-warm  weather.  High  runoff  flowed  down  a 
normally  dry  drainage  --  which  Kaiser  used  as  a waste-material  dumping 
area  --  causing  the  waste  material  to  erode  and  be  carried  into  the 
Prickly  Pear.  The  duration  of  the  discharge  was  about  24  hours.  A 
fish  kill  occurred  in  the  creek  below  the  Kaiser  plant  at  this  time. 

A dike  to  contain  dumped  materials  and  isolate  them  from  the  drainage 
was  constructed  immediately  to  prevent  a recurrence. 

The  second  known  unauthorized  discharge  happened  when  a dike  broke 
on  an  evaporation/settling  basin,  releasing  a slurry  consisting  mainly 
of  limestone  and  silica  oxide.  About  16,000  gallons  of  this  material 
flowed  into  the  creek  at  discharge  point  001.  The  episode  lasted 
only  about  10  minutes.  No  fish  kill  was  reported.  To  prevent  a 
recurrence,  Kaiser  has  reduced  the  amount  of  slurry  introduced  into 
the  basin  and  has  reinforced  the  dikes  surrounding  it. 

Unauthorized  and  uncontrolled  discharges  from  this  operation  would 
be  a serious  threat  to  the  Prickly  Pear  ecosystem.  The  highly  alka- 
line nature  of  the  materials  handled  at  Kaiser  could  raise  the  pH  of 
natural  stream  waters  and  significantly  impair  the  biological  commu- 
nity --  a particular  concern  since  Kaiser  is  located  in  what  is 
recognized  as  the  most  recovered  reach  of  the  Prickly  Pear. 

Kaiser  recently  obtained  a permit  to  mine  an  area  west  of  Interstate 
15,  near  Montana  City.  It's  considered  a dry  site  and  the  open-cut  mine 
should  be  well  contained.  The  project  is  not  expected  to  have  any 
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impact  on  surface-water  quality,  but  groundwater  may  be  encountered  in 
the  excavation.  If  so,  proper  treatment  would  be  required  prior  to 
discharge  or  other  means  of  disposal.  The  removal  of  rock  from  this 
site  was  anticipated  to  begin  in  1981. 


National  Cylinder  and  Gas 

National  Cylinder  and  Gas,  a division  of  Chemetron,  is  located  near 
East  Helena,  just  southeast  of  the  Asarco  smelter.  It  produces  com- 
pressed oxygen  and  nitrogen  from  the  atmosphere. 

The  plant  once  drew  water  from  the  Prickly  Pear  and  supplemented 
it  with  water  from  an  onsite  well.  Recently,  however,  the  plant  has 
switched  to  using  well  water  only.  Chemetron  is  authorized  to  dis- 
charge non-contact  cooling  water  to  Prickly  Pear  Creek  under  an 
MPDES  permit. 

The  effluent  limitations  imposed  upon  Chemetron' s permit  allow 
a maximum  discharge  of  1.5  million  gallons  per  day  with  a temperature 
not  exceeding  the  creek's  instream  temperature  by  more  than  4 degrees 
F.  The  discharge  enters  the  creek  just  upstream  from  Asarco' s dam. 

The  warming  of  the  Prickly  Pear  by  the  impoundment  tends  to  mask 
the  effects  of  Chemetron 's  thermal  loading. 


Asarco  Inc. 

Asarco,  formerly  known  as  American  Smelting  and  Refining  Company, 
operates  at  East  Helena  a smelter  which  processes  domestic  and  foreign 
ores.  The  primary  products  are  lead  bullion  and  zinc  oxide.  By- 
products include  sulfuric  acid,  matte  (iron,  copper  and  lead  oxides) 
and  speiss  (copper  arsenides  and  antimonides)  which  are  sent  to 
other  plants  for  further  refining.  Asarco  employs  about  360  people 
at  its  East  Helena  operation. 

Prior  to  the  1970s,  little  consideration  was  given  to  the  impact 
of  the  smelter  on  the  Prickly  Pear  ecosystem.  Non-contact  cooling 
water  was  discharged  continuously  at  a rate  of  2.1  million  gallons 
per  day.  Effluent  from  the  washing  of  the  speiss  was  released  into 
the  creek  along  with  the  effluent  from  several  other  process  lines. 
These  discharges  caused  elevated  stream  temperatures  and  heavy-metal 
concentrations  in  the  creek.  During  the  summer  months  when  water 
in  the  creek  was  naturally  warmer  and  lower  than  usual,  the  dose 
of  metals  and  heat  from  Asarco  were  considered  to  be  the  cause  of 
several  reported  fish  kills. 

In  November  1972,  the  intermittent  discharge  of  the  speiss  water 
was  eliminated  by  the  installation  of  closed-circuit  equipment  that 
recirculated  the  former  effluent.  The  following  year,  a water-cooling 
tower  was  put  on  line  to  reduce  the  temperature  of  the  non-contact 
cooling  water  prior  to  discharge.  By  September  1975,  the  cooling- 
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water  discharge  was  eliminated  by  the  adoption  of  a recirculation 
system  and  surge  basin.  In  October  1975,  Asarco  eliminated  a thermal 
discharge  from  the  recirculation  pond  and  further  isolated  the  pond 
from  Prickly  Pear  Creek  and  surface  runoff.  These  actions  made  Asarco 
a non-discharging  facility  and  its  MPDES  permit  (#0000345)  was  not 
renewed  upon  its  expiration. 

Since  the  time  the  Asarco  smelter  went  to  a closed-circuit  sys- 
tem, two  short-term,  unauthorized  discharges  have  been  observed. 

These  have  been  attributed  to  mechanical  failures  in  the  recycle 
system. 

One  occurred  in  October  1979  when  a pump  failure  at  the  surge 
basin  caused  a system  overload.  This  allowed  metal-laden  cooling 
water  to  flow  down  the  old  discharge  pipe  into  the  Prickly  Pear. 

This  situation  was  corrected  by  the  installation  of  higher  capacity 
pumps  and  alarm  system  and  sealing  off  the  old  discharge  culvert. 

The  other  occurred  in  October  1980  when  a "pond-inflow  only"  gate 
between  the  creek  and  the  pond  failed,  allowing  cooling  water  to 
drain  back  from  the  pond  into  the  creek.  This  discharge  was 
eliminated  when  the  pipe  on  which  the  gate  was  installed  was  sealed 
with  concrete. 


The  Wilson  Ditch 

The  Asarco  smelter  is  the  point  of  diversion  for  a small  irriga- 
tion canal  known  as  the  Wilson  Ditch.  Water  is  withdrawn  at  a head- 
gate  on  Asarco' s upper  lake,  enters  an  underground  culvert  and 
surfaces  in  an  open  ditch  at  Asarco' s western  property  line.  At 
this  point,  the  flow  is  regulated  by  a parshall  flume  before  pro- 
ceeding in  a northwesterly  direction  into  Helena  Valley.  Excess 
water  enters  an  overflow  ditch  which  once  returned  to  the  creek  just 
downstream  from  the  smelter.  Wilson  Ditch  provides  irrigation  water 
to  ranchers  Cliff  Lamping  and  Don  Burnham.  In  the  spring  of  1980, 
Asarco  completed  the  burial  of  the  ditch  through  its  property, 
replaced  the  headgate  and  blocked  the  overflow  from  entering  the 
Prickly  Pear. 

Over  the  years,  water  sampling  has  revealed  elevated  metal  concen- 
trations in  the  Wilson  Ditch  and  the  overflow.  In  the  spring  of 
1980,  Asarco  conducted  a video  inspection  of  the  buried  portion  and 
discovered  several  process  lines  discharging  to  the  ditch.  Another 
discharging  line  was  found  later  in  1980.  All  of  those  discharges 
were  soon  eliminated,  and  heavy-metal  concentrations  have  been  cut. 

Wilson  Ditch  also  was  being  contaminated  by  surface  runoff  from 
the  Holmes  Gulch  area  south  of  the  smelter.  That  extremely  turbid 
runoff  flowed  down  the  ditch,  into  the  overflow,  then  into  the 
Prickly  Pear.  This  source  of  sediment  was  eliminated  in  July  1980 
when  Asarco  rerouted  the  drainage  out  of  Holmes  Gulch  and  directed 
it  into  their  upper  lake. 
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The  smelter  dam 


Asarco  operates  a small  impoundment  on  the  Prickly  Pear  mainstem, 
backed  up  by  what's  commonly  called  "the  smelter  dam."  The  smelter 
dam  has  a limited  storage  capacity  and  originally  provided  water 
for  various  processes.  Since  the  conversion  to  a closed-circuit 
system,  the  only  use  for  the  impoundment  was  to  provide  cooling 
water  for  National  Cylinder  and  Gas  and  water  to  a irrigation 
ditch  owned  by  Bob  Garber.  National  Cylinder  and  Gas  now  draws  all 
its  water  from  wells  and  no  longer  needs  the  impoundment. 

The  impoundment  acted  as  a sediment  trap,  settling  out  larger 
suspended  particles  by  reducing  the  creek's  flow.  Most  of  this 
material  is  a decomposed  granite,  a coarse  sand-like  material 
typical  of  the  geology  in  the  Prickly  Pear  drainage.  In  August 
1979,  while  conducting  routine  biological  monitoring.  Water  Quality 
Bureau  personnel  discovered  that  an  earlier  flushing  of  the  accumu- 
lated sediments  from  the  impoundment  had  blanketed  the  streambottom 
downstream  from  the  dam  for  several  miles.  The  bottom-dwelling 
organisms  were  destroyed  or  displaced.  And  the  released  sediments 
caused  problems  in  downstream  irrigation  systems.  It  was  several 
months  until  streamflows  carried  the  sediment  away  and  the  original 
streambed  was  exposed. 

This  episode  prompted  an  agreement  between  the  state  and  Asarco 
that  flushing  of  the  impoundment  could  occur  only  during  the  spring 
runoff  period.  The  increased  streamflows  and  consequential  increased 
carrying  capacities  during  this  time  were  felt  to  mitigate  the 
effects  of  the  flushing  on  the  creek's  aquatic  community. 

The  impoundment  also  tends  to  increase  temperatures  in  the  creek  and 
the  dam  was  a barrier  to  fish  passage,  precluding  upstream  spawning 
runs  . 

The  flood  of  May  1981  cut  a new  channel  around  the  smelter  dam, 
causing  Asarco  to  lose  its  impoundment.  The  company  immediately 
petitioned  the  Lewis  and  Clark  County  Conservation  District  for  a 
permit  to  rebuild  the  structure,  mainly  because  the  dam  was  the 
route  of  an  important  service  road  across  the  creek.  The  Water 
Quality  Bureau  and  the  Department  of  Fish,  Wildlife  and  Parks, 
however,  objected.  They  felt  the  impoundment  was  no  longer  necessary 
and  saw  this  as  a good  opportunity  to  rid  the  creek  of  two 
long-standing  problems  --  the  sediment  trap  and  the  fish  barrier. 

At  first,  Asarco  agreed  that  a bridge  might  replace  the  dam. 

But  their  minds  were  changed  by  a hydrologist  from  their  parent 
company  who  felt  the  impoundment  was  necessary  to  preserve  the 
static  level  of  the  upper  lake,  from  which  the  plant  water  and  the 
Wilson  Ditch  water  is  withdrawn.  State  agencies  vehemently  dis- 
agreed, feeling  that  a berm  built  on  one  side  of  the  upper  lake 
would  hold  the  water  while  leaving  a free-flowing  Prickly  Pear.  In 
July  1981,  the  state  and  Asarco  compromised.  Asarco  was  allowed  to  re- 
build its  dam,  but  agreed  to  leave  two  existing  gates  open  a few  inches 
at  the  bottom  year-round  to  allow  sediment  to  move  through  and  to  open 
the  gates  completely  twice  a year--during  brown  and  rainbow  trout  spaw- 
ning runs--allowing  a free-flowing  stream  for  the  fish  passage. 
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Another  source  of  metal  pollution  was  discovered  downstream  from 
the  smelter  dam.  Just  upstream  from  the  Highway  12  bridge,  between 
Asarco's  slag  pile  and  the  creek,  is  a low  swampy  area.  Occasionally, 
surface  pooling  occurs,  and  this  water  creates  a small  discharge  to 
the  creek.  Analyses  have  shown  extremely  elevated  metals  concentra- 
tions and  moderately  elevated  temperatures  in  this  water.  Some  of 
the  water  and  metals  were  eliminated  when  Asarco  reduced  its  slag 
pile  sprinkling,  initiated  as  a dust-control  measure.  The  area 
still  seeps  into  the  Prickly  Pear  during  times  of  high  groundwater, 
but  metal  concentrations  are  decreasing  as  the  area  is  flushed  out. 
Both  Asarco  and  the  Water  Quality  Bureau  are  continuing  to  study 
the  problem. 

The  debilitating  effect  of  the  Asarco  smelter  on  the  Prickly  Pear 
ecosystem  has  been  greatly  reduced  in  the  last  10  years.  The  rela- 
tionship between  the  two  has  evolved  from  viewing  the  stream  as  a 
means  of  carrying  away  wastes  to  one  of  considering  the  stream  for 
its  many  beneficial  uses,  including  the  potential  for  recreation. 


American  Chemet 

American  Chemet  is  located  on  the  north  side  of  the  Asarco  smelter 
property.  This  plant  uses  a heating  process  to  manufacture  approxim- 
ately 400  tons  per  month  of  zinc  and  copper  oxides  which  are  then 
used  elsewhere  in  the  making  of  rubber  and  paint.  The  process  is 
considered  a "dry"  one  in  which  no  water  is  used  --  making  American 
Chemet  a non-discharging  facility.  American  Chemet  employs  about 
45  persons. 

The  plant  officials  are  considering  adopting  a "wet"  process  for  the 
production  of  copper  oxides.  Water  would  be  obtained  from  an  on-site 
well  and  then  recycled,  ensuring  American  Chemet' s non-discharge 
status.  The  new  "wet-process"  facility  would  be  located  just  south 
of  the  present  operation. 

American  Chemet  is  unique  in  that  most  of  the  raw  materials  it 
uses  are  former  waste  products  --  for  example,  the  zinc  fumes  from 
Asarco  are  turned  into  a usable  product.  Such  a maximum  utilization 
of  a product  is  applaudable,  and  is  reflected  too  in  their  planned 
use  of  a recycling  system  for  their  water. 


East  Helena  lagoon 

East  Helena's  sewage-treatment  lagoon  consists  of  two  seven-acre 
ponds.  They  are  authorized  to  discharge  into  the  Prickly  Pear  under 
an  MPDES  permit  ( #MT-0 022560 ) . The  effluent  enters  the  creek  just 
downstream  from  the  Wylie  Drive  crossing,  except  during  irrigation 
season  when  most  of  the  ponds'  outflow  is  directed  into  irrigation 
ditches . 
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The  lagoon  serves  about  1800  East  Helenans,  which  is  400  more  than 
it  is  designed  for.  It  also  receives  wastes  from  two  industries, 
Asarco  and  American  Chemet.  Because  the  lagoon  is  operating  over 
its  capacity , East  Helena  has  entered  the  design  phase  for  construct- 
ing three  new  aeration  basins  to  provide  secondary  treatment  for 
the  city's  wastewater.  The  existing  lagoon  will  be  abandoned.  It 
is  anticipated  that  the  secondary  treatment  facilities  will  be 
completed  in  July  1982.  This  will  significantly  improve  the  quality 
of  the  effluent  and  lessen  the  discharge's  impact  on  the  Prickly 
Pear  ecosystem. 


Helena  Sand  and  Gravel 

Helena  Sand  and  Gravel  is  located  about  three  miles  downstream  from 
East  Helena.  The  operation  crushes  and  washes  gravel  and  processes 
sand.  There  is  no  surface  discharge  authorized. 

Washwaster  is  directed  to  one  of  several  large  settling/infiltra- 
tion ponds.  Occasionally,  these  ponds  require  dewatering  because 
they've  filled  with  groundwater  and  surface  runoff.  This  occurred 
in  1978  and  permission  was  given  for  them  to  discharge  to  the 
Prickly  Pear  since  the  accumulated  pond  water  was  found  to  be  of 
equal  or  higher  quality  than  the  creek  water. 

One  unauthorized  discharge  from  Helena  Sand  and  Gravel  occurred 
in  the  fall  of  1975  when  washwater  was  diverted  from  its  normal 
route  to  the  ponds  and  into  the  Prickly  Pear.  This  created  an 
extremely  turbid  condition  in  the  creek  downstream  from  the  discharge 
and  spurred  an  enforcement  action  against  the  company.  Since  then, 
Helena  Sand  and  Gravel  has  had  no  unauthorized  discharges. 


Helena  sewage-treatment  plant 

See  the  next  section  of  this  report,  which  deals  entirely  with 
this  plant. 


And  in  summary... 

Of  all  these  "industrial"  impacts  on  the  Prickly  Pear,  only  the 
Helena  sewage-treatment  plant  discharge  has  a significant,  continuing 
effect  on  the  water  quality  of  the  creek.  That's  why  we  are  descri- 
bing these  effects  in  detail  in  the  following  section.  Except  in  the 
sewage  plant's  case,  the  Water  Quality  Bureau  and  the  Montana  Pollu- 
tant Discharge  Elimination  System  are  controlling  the  impacts  on  the 
creek  from  dischargers.  But  with  the  sewage  plant,  the  Bureau, 
through  MPDES , is  powerless  to  minimize  the  impacts  because  of  the 
creek's  classification  --  as  we  shall  explain.  . . 
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Part  V 


Helena’s  sewage  plant: 

its  effects  on  Prickly  Pear  Creek 


Water  Quality  Bureau 

Department  of  Health  and  Environmental  Sciences 


July  1981 


Contact  person:  Gary  Ingman,  449-2406 


> 


Introduction 


Sewage-treatment  plant  (STP)  discharges  contain  a complex  mixture 
of  substances  --  organic  and  inorganic,  simple  and  complex  compounds. 
The  organic  materials  include  carbohydrates,  proteins  and  fats  as 
well  as  products  of  their  decomposition.  The  inorganic  compounds 
include  salts,  nitrates,  nitrites,  phosphates  and  ammonia.  Some  of 
the  sewage  constituents  are  dissolved,  some  colloidal  and  others 
suspended  but  capable  of  settling. 

Surface  waters  will  be  affected  by  all  the  components  of  sewage, 
while  the  streambed  will  be  altered  primarily  by  the  settling  solids. 
The  extent  of  impacts  created  by  an  STP  discharge  on  the  receiving 
waterway  is,  in  part,  a function  of  effluent  quality  and  the  availa- 
bility of  dilution  water.  The  poorer  the  quality  of  a particular 
discharge  and  the  smaller  the  receiving  waterway,  the  greater  will 
be  the  water-quality  degradation  and  the  downstream  distance  before 
improvement . 

Sewage  discharges  can  create) .'health  hazards,  reduce  recreation  and 
aesthetics,  and  impair  or  eliminate  desirable  stream  life.  The  main 
health  hazard  is  the  presence  of  disease-causing  organisms.  Surface 
waters  receiving  domestic  sewage  frequently  contain  great  numbers  of 
bacteria  from  the  feces  of  man  and  other  animals.  Although  most  of 
these  bacteria  are  not  harmful  to  humans,  the  possibility  exists 
that  pathogenic  (disease-causing)  bacteria  and  viruses  are  present. 
Chlorination  and  other  methods  of  disinfection,  although  routinely 
practiced  on  sewage  effluents  prior  to  discharge,  generally  do  not 
eliminate  all  the  organisms.  Excessive  chlorination  should  be 
avoided  because  of  its  toxic  effect  on  desirable  stream  life.  The 
dangers  associated  with  pathogens  lie  not  only  in  consumption  of  the 
water;  there  is  also  the  potential  for  human  infection  through  body 
contact  --  swimming. 

Other  pollutants  posing  health  hazards  in  streams  receiving  sewage 
include  pesticides  and  heavy  metals. 

Recreational  and  aesthetic  values  may  be  impaired  in  waterways 
receiving  sewage  if  threats  to  health  exist  or  if  the  discharge  con- 
tains: (1)  materials  that  will  settle  to  form  objectionable  deposits; 

(2)  floating  debris,  oil,  scum  or  other  matter;  (3)  objectionable 
color,  odor,  taste  or  turbidity;  or  (4)  substances  and/or  conditions 
that  produce  undesirable  aquatic  life,  such  as  nuisance  algae,  insect 
pests,  etc. 

A description  of  the  ecological  derangement  resulting  in  the  com- 
munity of  stream-dwelling  organisms  below  sewage  discharges  is  beyond 
the  scope  of  this  report.  However,  the  mechanism  by  which  the  impacts 
are  induced  is  commonly  one  or  more  of  the  following  seven  types: 

o First,  the  waste  discharge  may  cause  an  oxygen  depletion 
in  the  receiving  stream,  either  by  increasing  bacterial 
activity  and  metabolism  or  by  producing  a chemical  oxygen 
demand . 
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o Second,  the  waste  may  be  directly  toxic  to  stream  life, 
either  due  to  the  nature  of  the  waste  or  through  induced 
changes  in  pH  and  other  stream  conditions. 

o Third,  sewage  discharges  frequently  are  warmer  than  re- 
ceiving streams  and  the  sudden  increase  in  temperature 
below  the  discharge  may  harm  some  forms  of  aquatic  life. 

o Fourth,  the  physical  nature  of  the  wastes  may  be  harmful 
as  well.  Suspended  solids  may  be  abrasive  or  oil  may  be 
present,  both  of  which  are  capable  of  damaging  gill  struc- 
tures . 

o Fifth,  wastes  may  alter  the  nature  of  the  habitat  by  causing 
turbidity  or  by  smothering  natural  living  areas  with  silt. 

o Sixth,  the  chronic  effects  of  sewage  may  predispose  aquatic 
organisms  to  mortality  from  natural  factors. 

o And  last,  the  presence  of  algal-growth  stimulants  like 
nitrates  and  phosphates,  while  not  necessarily  toxic  to 
aquatic  life,  may  produce  a fertilizing  effect  capable  of 
upsetting  the  delicate  balance  within  the  aquatic  food 
chain . 


These  types  of  impairment  are  often  interrelated.  For  example, 
algal  nutrients  originating  in  an  STP  discharge  may  promote  the  propa- 
gation of  a toxin-producing  blue-green  algae  in  a downstream  lake. 
Thus,  an  effect  on  aquatic  life  — in  this  case,  algae  --  might  result 
in  threats  to  human  health  and  cause  impairment  of  recreation  and 
aesthetics . 


Characteristics  of  the  Helena  sewage- treatment  plant  discharge 


Before  1975,  Helena's  sewage-treatment  plant  only  provided  primary 
sewage  treatment,  consisting  of  solids  removal  and  little  more.  Grit 
separators  physically  removed  coarse  particulates  such  as  sand.  After 
wards,  a comminutor  and  bar  screen  shredded  and  collected  rags  and 
the  like.  Then  a primary  clarifier  settled  out  and  removed  sludge 
and  other  suspended  solids  from  the  remaining  liquid.  Finally,  the 
waste  was  chlorinated  and  discharged,  by  way  of  a mile-long  ditch, 
to  Prickly  Pear  Creek. 

Investigations  showed  that  the  Prickly  Pear  was  severely  polluted 
by  the  poorly  treated,  oxygen-demanding  wastes.  It  was  easy  to  smell 
the  foul  odors,  see  the  beds  of  sludge  and  capture  large  populations 
of  pollution-tolerant  organisms. 

Secondary  treatment  facilities  were  built  at  the  Helena  STP  in  1975 
The  previous  treatment  was  supplemented  with  an  activated  bio-filter 
(ABF)  and  two  secondary  clarifiers.  The  ABF  structure  provides  a 
growth  medium  for  bacteria  which  decompose  the  organic  wastes  in  the 
sewage,  thus  reducing  the  oxygen  demand  of  the  wastes  which  is  capable 
of  reducing  the  dissolved-oxygen  content  of  the  receiving  stream.  The 
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secondary  clarifiers  further  remove  settleable  solids  which,  appar- 
ently, the  single  primary  clarifier  was  not  capable  of  doing  consis- 
tently . 

Most  of  the  time  now,  the  effluent  discharged  from  Helena's  sewage 
treatment  facilities  meets  permit  limitations  of  the  Montana  Pollutant 
Discharge  Elimination  System  (MPDES) , administered  by  the  Water 
Quality  Bureau  (see  Part  IV  of  this  report) . Occasional  exceedences 
do  occur,  usually  a result  of  plant  malfunctions.  The  discharge 
permit  (MT-0022641)  restricts  quantities  of  total  suspended  solids, 
fecal  coliform  bacteria  and  residual  chlorine  in  the  effluent,  as 
well  as  pH  levels  and  oxygen  demand. 

As  discussed  in  the  Introduction  to  Part  IV  of  this  report,  the 
Prickly  Pear  Creek  in  the  area  that  receives  the  Helena  STP  discharge 
has  been  classified  E,  the  lowest  possible  classification,  due  to 
a chronic  dewatering  problem.  This  low  classification  allows  the 
Water  Quality  Bureau  to  set  looser  restrictions  on  the  effluent  than 
would  be  allowed  on  the  upper  Prickly  Pear,  which  is  classified  B-l. 


Study  design 


Prickly  Pear  Creek  in  the  vicinity  of  the  Helena  sewage-plant  dis- 
charge has  been  the  site  of  water-quality  investigations  at  least 
since  1973.  Sampling  after  1975,  when  secondary  treatment  facilities 
began  operating  at  the  plant,  shows  an  improvement  in  effluent  quality 
but  continued  degradation  of  the  Prickly  Pear.  Most  of  this  moni- 
toring was  performed  at  the  county  bridge  near  Mountain  View  School, 
some  two  stream  miles  below  the  discharge,  because  of  ease  of  access. 

Considering  the  possibility  that  water  quality  might  be  signifi- 
cantly poorer  immediately  below  the  discharge,  a monitoring  program 
was  established  there  in  December  1979.  Sites  were  established 
immediately  upstream  from  the  discharge,  at  the  mouth  of  the  discharge, 
and  a sufficient  distance  downstream  from  the  discharge  to  ensure 
complete  mixing  of  the  waste  with  the  creek  water.  Results  of 
monitoring  at  the  Mountain  View  site  were  used  to  supplement  the  data 
base  and  show  downstream  changes  in  water  quality.  The  four  sites 
are  pinpointed  in  Table  29  and  Figure  29. 


Parameters 

Seven  parameters,  plus  streamflow,  were  selected  for  coverage  in 
this  section  of  the  report.  Four  of  these  parameters  --  turbidity, 
total  soluble  inorganic  nitrogen,  total  phosphorus  and  fecal  coliform 
bacteria  --  address  matters  of  public  health,  recreation  and  aesthe- 
tics. The  remaining  three  parameters  --  ammonia,  suspended  solids  and 
dissolved  oxygen  --  affect  aquatic  life.  Rationale  and  criteria  for 
these  parameters,  except  dissolved  oxygen  and  fecal  coliform  bacteria, 
have  been  explained  in  the  overview  section  (Part  I)  of  this  report. 

Dissolved-oxygen  measurements  taken  on  a stream  above  and  below 
a municipal  wastewater  discharge  will  indicate  the  level  of  oxygen 
depression  in  the  stream  resulting  from  the  oxygen  demand  of  the 
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Figure  29 


Sampling-site  locations 


TABLE  29 


Lake  Helena 


Min.  View  School 


Helena  STP, 


Monitoring  stations  in  vicinity  of  Helena  sewage-plant  discharge 


No. 

Location 

Tcwnship 

Range 

Section 

01 

Prickly  Pear  Cr.  immediately 
above  Helena  STP*  discharge 

10N 

3W 

9ACD 

02 

Helena  STP  effluent  at  point  of 
discharge  to  Prickly  Pear  Cr. 

10N 

3W 

9ACD 

03 

Prickly  Pear  Cr.  0.3  mile 
be lew  STP  discharge 

10N 

3W 

9ACD 

04 

Prickly  Pear  Cr.  at  Mountain  View 
School  (2  miles  below  discharge) 

10N 

3W 

3BBA 

* Sewage- treatment  plant 

* 
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decomposing  wastes  in  the  discharge.  Oxygen  requirements  of  aquatic 
organisms  are  highly  variable.  However,  levels  adequate  for  fish 
propagation  are  generally  sufficient  for  the  rest  of  the  aquatic  com- 
munity. Cold-water  fish,  specifically  trout  and  salmon,  have  higher 
dissolved-oxygen  requirements  than  warm-water  varieties  and  a concen- 
tration of  7 milligrams  per  liter  (mg/1)  has  been  established  as 
the  minimum  safe  oxygen  level  for  successful  cold-water  fish  spawning. 
For  good  growth  and  the  general  well-being  of  trout,  salmon  and 
associated  organisms,  the  level  should  not  fall  below  6 mg/1  (FWPCA, 
1968)  . 

Fecal  coliform  bacteria  are  used  to  indicate  fecal  pollution  and 
potential  exposure  to  pathogens,  even  though  only  a small  percentage 
of  the  coliform  group  may  be  pathogenic.  It's  more  difficult  to 
isolate  and  identify  each  of  the  pathogenic  species.  Surface  waters 
routinely  contain  some  "background"  fecal  coliform  bacteria  from 
animal  feces.  Excessively  high  concentrations,  however,  are  not 
common  and  they  point  to  pollution.  Although  no  detectable  quan- 
tities of  bacteria  in  the  coliform  group  are  allowable  in  municipal 
drinking  water  after  treatment,  waters  used  for  body-contact  recrea- 
tion are  considered  safe  if  the  fecal  coliform  content  does  not 
exceed  a mean  --  based  on  at  least  five  samples  — of  200  organisms 
per  100  milliliters.  Additionally,  no  more  than  10  percent  of  the 
total  samples  taken  during  a 30-day  period  should  exceed  400  organ- 
isms per  100  milliliters  (Thurston  et  aT,  1979). 


Parameters  used  in  this  section  and  applicable  criteria  are  listed 
in  Table  30. 


Methods 

Water-quality  sampling  performed  at  the  three  stations  near  the 
STP  discharge  consisted  of  intensive  one-day  efforts  in  December  1979 
and  September  1980.  The  December  period  was  chosen  because  it  is  a 
time  of  low  streamflow  in  the  Prickly  Pear.  Since  dilution  is  less 
than  at  other  times  of  the  year,  pollutants  will  be  more  concentrated. 
Also,  cold  temperatures  in  the  winter  months  may  result  in  a low 
efficiency  of  the  Helena  wastewater  treatment  plant's  ABF  structure 
because  of  decreased  activity  of  the  bacteria  that  decompose  the 
wastes.  Therefore,  pollutants  --  especially  ammonia  --  are  likely 
to  be  present  in  greater  concentrations  in  the  effluent  during  winter. 

The  quantity  of  un-ionized  ammonia  present  in  solution  --  and 
hence  the  potential  for  toxicity  — is  directly  proportional  to  temp- 
erature and  pH.  The  September  sampling  period  was  chosen  to  docu- 
ment effects  of  the  STP  discharge  during  conditions  of  high  stream 
temperature  and  pH. 

In  December,  samples  were  taken  at  the  three  sites  every  three  or 
four  hours,  from  8:30  a.m.  to  7:30  p.m.  In  September,  the  sites  were 
sampled  every  two  hours  from  7:00  a.m.  until  7:00  p.m.  The  repeti- 
tive samplings  determined  the  daily  variation  in  quality  and  quantity 
of  the  effluent  and  the  resultant  range  of  impacts  on  Prickly  Pear 
Creek  during  these  time  periods. 
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TABLE  30  List  of  parameters  and  applicable  criteria 


Parameter 

Streamf low  (cfs) 

Total  phosphorus  (mg/1) 

Total  soluble  inorganic  nitrogen 
(NO2+NO3-N  plus  NH3-N  in  mg/1) 

Fecal  coliform  bacteria 
(number  per  100  ml) 

Turbidity  (NTU) 

Total  suspended  solids  (mg/1) 


Criteria* 

Public  health.  Protection  of 

recreation  and  freshwater 

aesthetics  aquatic  life 


.05 

.35 


200 


5 


25  and  80** 


Un- ionized  ammonia  (NH3-N  in  mg/1)  — .016 

Dissolved  oxygen  (mg/1)  — 7 


*Criteria  for  parameters  other  than  dissolved  oxygen  and  fecal  coliform  bacteria 
are  sunmarized  in  the  water  quality  overview  section  of  this  report.  The  7 mg/1 
dissolved-oxygen  criterion  is  the  minimum  level  required  for  successful  spawning 
of  cold-water  fishes  (FWPCA,  1968) . The  fecal  coliform  criterion  is  the  maximum 
recommended  level  for  body-contact  recreation  water  (200  organisms  per  100  ml 
based  on  a log  mean  of  a minimum  of  five  samples  taken  over  a 30-day  period. 
Thurston  et  al,  1979) . 

**Fisheries  can  be  maintained  in  waters  containing  25  to  80  mg/1  suspended  solids, 
but  the  yield  of  fish  might  be  lower  than  in  waters  containing  25  mg/1  or  less. 
Waters  carrying  more  than  80  mg/1  suspended  solids  are  unlikely  to  support 
good  freshwater  fisheries  (FWPCA,  1968) . 
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The  two  intensive  monitoring  runs  were  supplemented  with  one-time 
samplings  in  late  December  1979,  January  and  November  1980,  and 
January  1981.  Additional  data  for  the  period  of  May  1977  to  December 
1979  were  used  where  available. 

The  Mountain  View  site  was  sampled  according  to  the  scheme  explained 
in  the  overview  section  (Part  I)  of  this  series.  Ten  additional  sets 
of  data  for  the  period  June  1977  to  March  1978  and  one  each  for 
November  1980  and  January  1981  which  were  on  hand  were  included  to 
bolster  the  data  base. 

The  collection,  handling  and  analysis  of  samples  for  the  seven  para- 
meters generally  followed  "Standard  Methods"  (APHA  et  a^,  1975)  or 
equivalent  EPA-sanctioned  procedures  (USEPA,  1976;  USEPA,  1979). 

Streamf lows  were  measured  by  methods  approved  by  the  U.S.  Geological 
Survey . 

The  results  of  this  investigation  will  be  evaluated  by  site.  For 
each  site,  data  for  the  seven  parameters  will  be  presented  in  a 
tabular  fashion.  Included  will  be  the  number  of  individual  measure- 
ments performed,  the  minimum,  maximum  and  mean  observed  values  for 
each  parameter  and  the  number  of  criteria  "exceedences"  recorded. 
Obviously,  the  criteria  used  in  this  section  will  not  be  particularly 
applicable  to  the  STP  discharge  itself  because  it  is  not  likely  to 
be  used  for  drinking  or  recreation  or  considered  an  important  source 
of  habitat  for  desirable  stream  life.  However,  the  number  of  recor- 
ded exceedences  will  characterize  the  quality  of  the  effluent  and 
denote  which  pollutants  are  likely  to  be  the  most  critical  problems. 
Preceding  the  data  table  for  each  site  will  be  a written  assessment 
of  conditions. 

Although  individual  data  for  the  intensive  one-day  samplings  in 
December  1979  and  September  1980  are  not  included  in  the  tables, 
observed  trends  will  be  addressed  in  the  written  interpretation. 
Individual  data  are  on  file  at  the  Water  Quality  Bureau. 
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Results  and  interpretations 


Effects  of  sewage- treatment  plant 


Site  01 

Upstream  from  Helena  STP  discharge 

Data  for  this  site  show  a mean  streamflow  of  nearly  36  cubic  feet 
per  second  (cfs)  based  on  17  measurements.  These  figures  do  not 
reflect  the  chronic  dewatering  known  to  occur  in  this  area  during 
mid-summer,  because  data  are  lacking  for  that  period.  In  August 
1980,  streamflow  at  the  York  Road  --  just  upstream  from  this  site  — 
was  observed  to  be  about  1 to  2 cfs.  Most  of  that  flow  was  contri- 
buted by  groundwater  recharge  or  irrigation  return  flows.  Prickly 
Pear  Creek  was  entirely  dry  a short  distance  upstream  from  York  Road. 

Above  the  entrance  of  the  Helena  STP  effluent,  the  Prickly  Pear 
was  found  to  be  in  a state  of  considerable  nutrient  enrichment.  Mean 
total  phosphorus  concentrations  exceeded  maximum  recommended  instream 
levels  by  nearly  twice  and  the  highest  observed  concentration  exceeded 
the  criterion  by  more  than  10  times.  Mean  total  soluble  inorganic 
nitrogen  levels  exceeded  the  criterion  by  1.3  times,  whereas  the 
maximum  recorded  levels  exceeded  it  by  more  than  3 times.  Given  these 
excess  nutrient  concentrations,  this  reach  of  the  stream  would  be 
capable  of  supporting  nuisance  growths  of  aquatic  plants.  However, 
the  lower  Prickly  Pear  is  a relatively  low-gradient  stream  and 
sediment  originating  from  upstream  (see  streambank  inventory  section. 
Part  II  of  this  report)  precipitates  to  the  streambottom  throughout 
this  reach  and  results  in  a very  unstable,  shifting,  sandy  bottom. 
Growth  of  algae  and  other  aquatic  plants  are  limited  by  this  lack  of 
a suitable  streambottom. 

Although  nutrient  sources  have  not  been  identified  specifically, 
significant  increases  in  nitrogen  and  phosphorus  levels  are  routinely 
observed  between  East  Helena  and  this  site.  Since  the  data  show 
relatively  constant  nutrient  concentrations,  contributions  from 
livestock  and  the  East  Helena  sewage  lagoon  discharge  seem  to  be  the 
most  likely  sources. 

Turbidity,  total  suspended  solids  and  fecal  coliform  bacteria  were 
rarely  a significant  problem  at  Site  01.  Dissolved  oxygen  was  plenti- 
ful on  the  occasions  it  was  measured  and  concentrations  of  un-ionized 
ammonia  were  never  detectable. 
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TABLE  31 

Site  No:  01  Immediately  upstream  from  Helena  STP  discharge 


Parameter 

Sample 

size 

Minimum 

value 

Mean 

Streamflow  (cfs) 

17 

13.1 

35.7 

Total  phosphorus 
(mg/1) 

17 

.026 

.094 

Total  soluble  in- 
organic nitrogen 
(mg/1) 

17 

.12  • 

.46 

Fecal  coliform 
bacteria  (orgs. 
per  100  ml) 

6 

^4 

126 

Turbidity  (NTU) 

6 

3.8 

5.6 

Total  suspended 
solids  (mg/1) 

8 

9.6 

18.0 

Un- ionized 
ammonia  (mg/1) 

14 

<.001 

< 001 

Dissolved  oxygen 
(mg/1) 

4 

11.79 

12.42 

Number  of  exceedences 


Maximum 

value 

Public  health, 
recreation  and 
aesthetics 

Protection  of 
freshwater 
aquatic  life 

57.9 

— 

— 

.510 

13 

— 

1.11 

12 

— . 

520 

1 

— 

7.5 

0 

— 

31.8 

— 

at  25  at  80 
2 0 

<.001 

— 

0 

12.70 

0 
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Effects  of  sewage -treatment  plant 


Site  02 

Helena  sewage-treatment  plant  discharge 

Based  on  the  available  data,  the  STP  effluent  contributed  an 
average  12.5  percent  of  the  flow  in  Prickly  Pear  Creek  below  the 
discharge,  although  contributions  as  high  as  30  percent  were  re- 
corded. That  30  percent  figure  is  most  certainly  exceeded  during 
peak  irrigation  withdrawals  on  the  creek,  such  as  in  August  1980. 

It  is  likely  that  the  STP  effluent's  flow  on  such  occasions  exceeds 
the  streamflow  in  Prickly  Pear  Creek.  On  a daily  basis,  the  flow 
coming  out  of  the  treatment  plant  varied  by  as  much  as  270  percent. 

All  of  the  criteria  for  the  seven  water-quality  parameters  used 
were  routinely  exceeded  in  the  effluent.  Phosphorus  and  nitrogen, 
on  the  average,  exceeded  recommended  levels  by  approximately  142 
times  and  44  times,  respectively.  Maximum  recorded  levels  exceeded 
the  criteria  by  up  to  520  times  for  the  phosphorus  and  54  times  for 
nitrogen.  Total  suspended  solids  and  fecal  coliform  bacteria  usually 
exceeded  the  applicable  criteria  and,  in  fact,  exceeded  the  Helena 
STP ' s discharge  permit  limitations  on  several  occasions.  Dissolved 
oxygen  levels  in  the  effluent  would  have  prevented  salmonid  spawning. 

Un-ionized  ammonia  concentrations  averaged  7 times  greater  than 
the  maximum  level  established  to  protect  freshwater  aquatic  life. 

A review  of  the  individual  ammonia  measurements  revealed  some 
important  facts:  the  levels  of  un-ionized  ammonia  in  the  effluent 

were  quite  variable  on  a seasonal  basis;  the  highest  recorded  levels 
were  measured  in  the  winter;  and,  as  suspected,  the  STP ' s ABF  struc- 
ture apparently  does  not  function  efficiently  in  cold  temperatures 
--  as  a result,  less  ammonia  in  the  sewage  is  oxidized  to  a less 
harmful  nitrate,  its  degradation  product. 

Daily  fluctuations  in  effluent  ammonia  concentrations  were  not 
significant.  However,  concentrations  of  the  other  pollutants  were 
shown  to  be  quite  variable  during  the  day,  apparently  due  to  varia- 
tions in  the  quality  of  raw  sewage  coming  into  the  treatment  plant. 
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TABLE  32 

Site  No:  02  Helena  sewage-treatment  plant  discharge 


Number  of  exceedences 


Parameter 

Sample 

size 

Minimum 

value 

Mean 

Maximum 

value 

Public  health, 
recreation  and 
aesthetics 

Protection  of 
freshwater 
aquatic  life 

Streamflow  (cfs) 

16 

< 1 

5.1 

7.2 

— 

— 

Total  phosphorus 
(mg/1) 

15 

3.5 

7.1 

26 

15 

— 

Total  soluble  in- 
organic nitrogen 
(mg/1) 

16 

8.4 

15.32 

19.05 

16 

- — 

Fecal  coliform 
bacteria  ( orgs . 
per  100  ml) 

6 

30 

3538 

19,000 

3 

— 

Turbidity  (NTU) 

6 

6.8 

9.9 

20.2 

6 

— 

Total  suspended 
solids  (mg/1) 

8 

23.4 

41  o 6 

64.2 

— 

at  25  at  80 
7 0 

Un- ionized 
ammonia  (mg/1) 

8 

.047 

.114 

.196 

— . 

8 

Dissolved  oxygen 
(mg/1) 

5 

4.89 

5.49 

5.98 

— 

5 
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Effects  of  sewage- treatment  plant 


Site  03 

Downstream  from  Helena  STP  discharge 

Despite  the  appreciable  streamflows  in  Prickly  Pear  Creek  down- 
stream from  the  STP  discharge  at  the  times  of  sampling,  water  quality 
was  found  to  be  significantly  degraded.  Nitrogen  and  phosphorus 
in  the  STP  effluent  clearly  aggravated  the  enrichment  problem  detected 
in  the  creek  at  Site  01.  Mean  total  phosphorus  levels  exceeded 
recommended  limits  by  nearly  27  times  and  some  measurements  surpassed 
the  limits  by  as  much  as  90  times.  Nitrogen  exceeded  them  by  an 
average  of  9 times  --  24  times  on  one  occasion. 

Based  on  an  average  of  the  six  individual  measurements,  fecal  con- 
form bacteria  concentrations  in  the  creek  at  this  site  exceeded  levels 
allowable  in  the  STP  discharge  itself!  The  creek  at  this  site  was 
too  unsanitary  for  swimming. 

Turbidity  exceeded  drinking-water  criteria  six  times  out  of  the 
six  measurements  performed.  The  levels,  however,  were  not  substan- 
tially greater  than  those  found  at  Site  01.  Total  suspended  solids, 
on  the  other  hand,  were  significantly  greater  than  at  Site  01.  The 
25  mg/1  criterion  was  exceeded  62  percent  of  the  time. 

Un- ionized  ammonia  concentrations  regularly  surpassed  the  .016  mg/1 
limit.  Surprisingly,  of  the  nine  exceedences  documented  from  14 
samplings,  nearly  as  many  occurred  in  the  winter  as  in  the  late  summer 
under  high  temperature  and  pH  conditions.  This  confirmed  the  pre- 
viously discussed  inefficient  ammonia  removal  in  the  colder  months. 

Dissolved-oxygen  levels  at  this  site,  when  measured  in  December 
1979,  did  not  appear  to  suffer  to  a great  degree  from  the  oxygen 
demand  of  the  STP  discharge.  Salmonid  spawning  criteria  were 
always  met.  However,  it  is  likely  that  problematic  oxygen-depression 
occurs  during  high- temperature , low-streamf low  conditions. 
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TABLE  33 

Site  No:  03  One- third  mile  downstream  of  Helena  STP  discharge 


Number  of  exceedences 


Parameter 

Sample 

size 

Minimum 

value 

Mean 

Maximum 

value 

Public  health, 
recreation  and 
aesthetics 

Protection  of 
freshwater 
aquatic  life 

Streamflow  (cfs) 

15 

19.2 

42.5 

63.4 

— 

— 

Total  phosphorus 
(mg/1) 

16 

.551 

1.34 

4.5 

16 

— 

Total  soluble  in- 
organic nitrogen 
(mg/1) 

16 

1.04. 

3.14 

8.31 

16 

— 

Fecal  coliform 
bacteria  (orgs. 
per  100  ml) 

6 

10 

859 

3900 

2 

— 

Turbidity  (NTU) 

6 

6.1 

7.1 

9 

6 

— 

Total  suspended 
solids  (mg/1) 

8 

16.6 

33.2 

48.2 

— 

at  25  at  80 
5 0 

Un- ionized 
ammonia  (mg/1) 

14 

.002 

.022 

.050 

— 

9 

Dissolved  oxygen 
(mg/1) 

5 

9.96 

10.63 

12.17 

— 

0 
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Effects  of  sewage- treatment  plant 


Site  04 

At  Mountain  View  School 

Streamflows  consistently  increased  between  Site  03  (just  downstream 
from  the  STP  discharge)  and  Site  04  at  Mountain  View  School,  a dis- 
tance of  about  two  miles.  Mean  streamflow,  computed  from  all  of  the 
available  measurements,  was  28  percent  greater  at  the  Mountain  View 
site.  Individual  measurements  at  both  sites  on  the  same  day  showed 
increases  ranging  from  2 to  49  percent.  Sources  of  the  increased 
flow  are  a tile-drain  discharge,  a spring,  and  probably  some  ground- 
water  recharge  in  the  area  between  the  sites. 

A result  of  the  increased  dilution  was  a decrease  in  phosphorus, 
nitrogen  and  total  ammonia.  However,  the  decreases  were  not  suffi- 
cient to  eliminate  the  bad  effects  of  the  STP  discharge  on  the  creek. 
Phosphorus  and  nitrogen  concentrations  continued  to  exceed  recommended 
levels  --  by  20  times  and  7 times,  respectively.  The  mean  total 
ammonia  concentrations  were  reduced  from  Site  03  to  Site  04  (2.7  mg/1 
to  1.6  mg/1)  as  was  the  percentage  of  exceedences  for  the  un-ionized 
ammonia  criteria  (64  percent  versus  42  percent).  However,  the  mean 
un-ionized  ammonia  concentration  actually  increased  from  Site  03 
to  Site  04.  This  can  be  explained  by  several  relatively  high 
un-ionized  ammonia  measurements  for  Site  04,  taken  on  dates  when 
measurements  were  not  taken  at  Site  03.  These  values  skewed  the  mean 
un-ionized  ammonia  concentration  for  Site  04  above  that  of  Site  03. 
Also,  Site  04  pH  values  and  water  temperatures  were  consistently 
higher  than  at  Site  03.  On  several  occasions,  higher  un-ionized 
ammonia  concentrations  were  measured  at  Site  04  than  at  Site  03 , 
despite  lower  total  ammonia  concentrations,  because  the  quantity  of 
un-ionized  ammonia  in  solution  is  directly  proportional  to  pH  and 
temperature . 

Fecal  coliform  bacteria  counts  were  limited  to  two  for  this 
site.  One  of  the  two  samples  was  collected  in  January  1980,  on  the 
same  day  that  a sample  was  taken  immediately  below  the  STP  discharge. 
Comparison  of  the  two  measurements  showed  a 550  percent  reduction 
in  organisms  from  Site  03  to  Site  04,  no  doubt  attributable  to  the 
near-f reez ing  conditions  then  present  in  the  Prickly  Pear  which 
would  have  killed  many  of  the  organisms.  But  the  resultant  concen- 
tration at  Site  04  still  exceeded  body-contact  criteria  by  3 times. 
During  warm  months  when  swimming  would  be  conceivable,  the  potential 
for  pathogens  would  likely  be  much  greater,  assuming  the  sanitary 
quality  of  the  STP  discharge  was  no  better  than  in  January  1980. 

Turbidity  and  total  suspended  solids  values  were  not  significantly 
different  at  Sites  03  and  04  when  sampled  on  the  same  dates.  How- 
ever, the  availability  of  data  from  two  high-flow  samplings  in  May 
1979  and  1980  for  Site  04  raised  the  mean  and  maximum  turbidity  and 
total  suspended  solids  values  above  those  for  Site  03,  because  Site 
03  was  not  sampled  on  those  occasions.  Dissolved  oxygen,  measured 
only  once  at  Site  04,  did  not  indicate  a problem. 
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TABLE  34 

Site  No:  04  At  Mountain  View  School  two  miles  down  from  discharge 


Number  of  exceedences 


Parameter 

Sample 

size 

Minimum 

value 

Mean 

Maximum 

value 

Public  health, 
recreation  and 
aesthetics 

Protection  of 
freshwater 
aquatic  life 

Streamflcw  (cfs) 

17 

24.9 

54.5 

153 

— . 

— 

Total  phosphorus 
(mg/1) 

24 

.19 

1.1 

5.2 

24 

— , 

Total  soluble  in- 
organic nitrogen 
(mg/1) 

18 

.49 

2.4 

4.9 

18 

— 

Fecal  coliform 
bacteria  (orgs. 
per  100  ml) 

2 

50 

325 

600 

1 

— 

Turbidity  (NTU) 

11 

1.1 

9.3 

29 

10 

— . 

Total  suspended 
solids  (mg/1) 

13 

5.7 

38 

86.6 

— 

at  25  at  80 
9 2 

Un- ionized 
ammonia  (mg/1) 

12 

.001 

.024 

.078 

— 

5 

Dissolved  oxygen 
(mg/1) 

1 

10.92 

10.92 

10.92 

__ 

0 
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Conclusions 

and 

recommendations 


Conclusions 


What  happens,  then,  to  the  Prickly  Pear  after  it  meets  Helena's 
sewage-treatment  plant  discharge?  It's  hard  to  tell  exactly, 
because  the  impacts  varied  so  much  with  the  fluctuations  of  the 
streamflow  and  of  the  quality  and  quantity  of  the  discharge.  But 
a few  conclusions  can  be  drawn:  Nutrients  in  the  discharge  aggra- 
vate the  enrichment  problem  already  existing  in  the  creek  --  but, 
fortunately,  nuisance  algae  growth  is  limited  by  the  lack  of  a good 
streambottom  which,  unfortunately,  also  limits  the  production  of 
desirable  organisms.  The  ammonia  in  the  discharge  is  toxic  to  fish 
and  aquatic  life.  There  are  more  than  enough  coliforms  in  the 
creek  below  the  discharge  to  make  swimming  an  unsafe  practice.  The 
discharge  pours  suspended  solids  into  the  creek.  And  all  of  these 
pollutants  still  plague  the  creek  at  least  two  miles  below  the 
discharge . 

This  sounds  grim  enough,  but  the  author  feels  that  the  Prickly 
Pear  is  polluted  by  the  discharge  to  a much  greater  degree  during 
the  late  summer  than  what  was  documented  in  this  section.  Irriga- 
tion withdrawals  below  East  Helena  leave  little  water  in  the  stream 
channel  to  dilute  the  sewage  effluent.  Although  data  is  lacking 
for  such  "worst-case"  periods,  it's  likely  that  Prickly  Pear  Creek 
water  at  Sites  03  and  04  (below  the  discharge)  more  closely  resembles 
the  STP  discharge  itself  than  the  water  we  measured  at  those  sites 
during  this  study. 

Such  late-summer  conditions  definitely  would  be  a limiting  factor 
in  the  development  and  maintenance  of  a fishery  and  other  beneficial 
water  uses. 


Recommendations 

Abatement  of  the  problems  in  lower  Prickly  Pear  Creek  that  are 
associated  with  the  Helena  sewage-treatment  plant  discharge  will 
depend  upon: 

o Improvement  in  the  quality  of  the  effluent  being  discharged 
o Augmentation  of  the  flows  below  East  Helena 


In  order  for  regulatory  agencies  to  require  the  Helena  facility  to 
upgrade  effluent  quality  and  to  limit  pollutants,  the  present  E classi- 
fication of  the  lower  Prickly  Pear  will  have  to  be  upgraded.  As  dis- 
cussed earlier,  the  E classification  has  been  applied  to  this  reach 
of  the  creek  because  of  the  late-summer  dewatering.  Therefore,  rewater- 
ing to  guarantee  year-round  instream  flows  would  be  the  logical  first 
step  toward  improvement  of  existing  conditions  (although  there  are 
other  dewatered  streams  which  have  a higher-than-E  classification 
already) . 

The  City  of  Helena  already  has  been  informed  of  this  possibility  -- 
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in  fact,  the  possibility  has  been  written  into  the  treatment  plant's 
newly-revised  discharge  permit,  which  states: 

"If  Prickly  Pear  Creek  is  reclassified,  the  Department  will 
have  to  determine  the  concentration  of  toxic  materials  (ammo- 
nia, chlorine,  heavy  metals)  in  Prickly  Pear  Creek  below  the 
confluence  of  the  city's  wastewater  treatment  plant.  If  con- 
centrations exceed  the  recommended  criteria  and  the  source 
is  the  Helena  plant,  then  the  facility  will  have  to  upgrade 
to  meet  effluent  limitations  which  will  ensure  water  quality 
standards  are  not  being  violated." 

If  such  upgrading  (or  switch  to  an  alternative  disposal  system) 
becomes  necessary  if  or  when  the  Board  of  Health  and  Environmental 
Sciences  upgrades  the  classification  of  the  creek,  a sequence  of 
events  could  be  put  into  motion:  the  Water  Quality  Bureau  could  order 
the  plant  to  upgrade  within  a reasonable  amount  of  time,  the  city 
could  appeal  the  order  to  the  Board  of  Health  and  Environmental 
Sciences,  public  notification  and  hearings  could  be  held,  etc. 

The  Montana  Department  of  Fish,  Wildlife  and  Parks  is  exploring  ways 
to  curb  the  dewatering  problem  (a  detailed  explanation  is  given  in 
the  next  section.  Part  VI  of  this  report).  One  alternative  consists 
of  purchasing  Missouri  River  water  from  the  Helena  Valley  Irrigation 
District  and  discharging  it  into  the  creek  --  in  the  area  where  the 
creek  first  begins  to  go  dry  --  by  way  of  an  existing  spillway  on 
the  district's  canal.  Another  alternative  was  suggested  by  a Helena 
Valley  rancher:  give  him  water  from  the  canal  and  he'd  stop  diverting 
Prickly  Pear  water  just  above  the  dewatered  stretch  (this  alternative 
may  require  a minor  change  in  the  state  water-rights  laws  to  allow 
a landowner  to  trade  a water  right  for  an  instream  flow) . 

Such  rewatering  would  tend  to  reduce  pollutant  concentrations 
and  help  to  alleviate  the  toxic-ammonia  situation  at  certain  times 
of  the  year.  However,  year-round  maintenance  of  a high-quality 
water  which  would  allow  the  establishment  of  a fishery  and  other 
beneficial  uses  would  require  that  the  Helena  STP  practice  some  form 
of  ammonia  removal  or  an  alternative  method  --  such  as  land  applica- 
tion — of  disposing  of  the  effluent. 

Closer  attention  to  disinfection,  without  exceeding  chlorine  limits, 
could  reduce  bacterial  counts  in  the  effluent  — allowing  body-contact 
recreation  in  the  creek. 

Efforts  aimed  at  the  elimination  of  sediment  sources  in  upper 
Prickly  Pear  Creek  likely  will  result  in  an  eventual  improvement  in 
the  streambottom  of  the  lower  Prickly  Pear.  If  that  happens,  nitrogen 
and  phosphorus  levels  in  the  effluent  may  have  to  be  reduced  to  pre- 
vent nuisance  growths  of  aquatic  plants. 

And  finally,  suspended-solids  levels  in  the  effluent,  if  kept 
within  discharge-permit  limitations,  should  be  of  little  threat  to 
the  Prickly  Pear  if  adequate  flows  are  maintained  and  upstream  sedi- 
ment sources  are  minimized. 
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Part  VI 


Possibilities  for  “re watering 
the  Prickly  Pear 


Department  of  Fish,  Wildlife  and  Parks 


July  1981 


Contact  person:  Ken  Knudson,  449-2601 


Introduction 


Prickly  Pear  Creek  has  been  a source  of  water  for  agriculture  for 
more  than  a century;  and,  like  many  streams  east  of  the  Continental 
Divide,  demand  for  irrigation  water  often  exceeds  supply.  Conse- 
quently, during  the  peak  water-demand  months  of  July  through  Septem- 
ber, the  Prickly  Pear  is  severely,  if  not  completely,  dewatered. 

Most  of  the  agricultural  water  usage  occurs  in  the  broad,  flat 
valley  north  of  East  Helena,  but  nearly  all  of  the  points  of  diver- 
sion lie  from  East  Helena  south  to  Clancy.  The  last  major  diversion 
as  the  water  moves  downstream  --  at  the  Don  Burnham  Ranch  just  north 
of  East  Helena  — often  thoroughly  depletes  the  Prickly  Pear  for 
at  least  a two-mile  stretch,  essentially  severing  the  stream's 
connection  with  the  Missouri  River.  The  distance  from  this  last 
point  of  diversion  to  Lake  Helena  --  an  arm  of  Hauser  Reservoir, 
which  is  part  of  the  Missouri  system  --  is  approximately  10  stream 
miles . 

Other  sections  of  this  report  (Parts  I,  II,  and  V)  have  identified 
the  dewatering  as  one  of  the  major  problems  to  be  overcome  in  the 
restoration  of  the  Prickly  Pear. 


The  future  of  water  use 


When  the  records  of  the  Prickly  Pear  water  users  are  reviewed,  it 
becomes  apparent  that  the  creek  is  overappropriated.  In  fact,  all 
of  the  "paper  rights"  on  the  stream  total  up  to  more  than  three 
times  its  average  summer  flow.  So,  except  for  years  like  1975  which 
had  an  unusually  wet  summer,  there  is  not  enough  water  in  the  creek 
at  present  withdrawal  rates  to  supply  all  of  the  requests  for  irri- 
gation water  --  leaving  little  wonder  that  the  creek  dries  up! 

The  hope  for  re-watering  Prickly  Pear  Creek,  then,  would  seem 
quite  bleak  unless  the  following  factors  are  considered: 

o The  number  of  irrigable  acres  within  the  Prickly  Pear 
Basin  is  decreasing  as  more  land  around  Helena  becomes 
urbanized . 

o More  efficient  means  of  spreading  irrigation  water  --  such 
as  sprinkler  systems  --  are  coming  into  use,  meaning  water 
right  holders  will  not  have  to  withdraw  as  much  water  to 
fulfill  their  needs. 

o Water  rights  will  be  adjudicated  on  the  Prickly  Pear,  as 
required  under  the  law  established  by  Senate  Bill  76, 
making  it  likely* that  certain  users  will  be  found  to  be 
diverting  more  water  than  they  are  actually  putting  to 
a beneficial  use. 

In  the  long  run,  revamped  management  of  water  and  a reduction  of 
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agricultural  needs  will  lead  to  more  water  being  left  in  Prickly 
Pear  Creek.  Meanwhile,  what  else  could  be  done  to  enhance  the 
creek ' s flow? 


A proposal 

The  Helena  Valley  Canal  crosses  Prickly  Pear  Creek  about  one-half 
mile  north  of  East  Helena,  very  near  Don  Burnham's  lowermost  point 
of  diversion.  Ron  Schofield,  manager  of  the  canal  system,  said  that 
water  from  the  canal  could  possibly  be  diverted  into  the  Prickly 
Pear  on  an  "as  available"  basis.  This  means  that  after  all  of  the 
agricultural  demands  on  the  canal  are  met,  excess  water  could  be 
purchased  for  an  instream  use.  And  during  most  years,  some  water 
should  be  available.  In  the  future,  probably  even  more  canal  water 
will  be  available  because  of  increased  urbanization  and  irrigation 
efficiency . 

Therefore,  the  possibility  exists  for  a state  agency,  like  the 
Department  of  Fish,  Wildlife  and  Parks,  to  purchase  water  "as 
available"  from  the  Helena  Valley  Canal  for  instream  (fish  and  wild- 
life) usage.  It  must  be  remembered,  however,  that  all  state  agencies 
are  now  trying  to  reduce,  rather  than  expand,  expenditures  on  new 
projects  (perhaps  leaving  the  door  open  for  some  citizens'  organi- 
zation to  arrange  a water  purchase  with  private  donations) . 

There  are  three  major  benefits  to  be  gained  by  re-watering  the 
Prickly  Pear: 

° Enhancement  of  sport  fishing  in  a stream  that  is  very 
close  to  a major  Montana  city.  With  ever-increasing 
gasoline  and  other  transportation  costs,  more  and  more 
people  will  be  turning  to  fish  and  wildlife  resources 
closer  to  cities  and  towns. 

o Enhancement  of  rainbow-  and  brown-trout  spawning.  With 
significant  progress  being  made  towards  removing  the 
fish  barrier  at  the  Asarco  dam  and  the  acid  mine  waste 
from  Spring  Creek,  Prickly  Pear  Creek  could  become  a 
a major  spawning  tributary  for  the  Missouri  River 
system  i_f  the  missing  water  link  from  East  Helena  to 
Lake  Helena  were  restored.* 

a Upgrading  of  the  creek  from  an  E classification  to  a 
B-l  classification,  which  could  lead  to  the  clean-up 
of  the  Helena  sewage-treatment  plant  discharge.  Such 
a clean-up  also  would  facilitate  fish  passage. 

With  these  benefits  in  mind,  the  Department  of  Fish,  Wildlife  and 


*The  Department  of  Fish,  Wildlife  and  Parks  prefers  enhancement 
of  wild-fish  production  to  the  planting  of  hatchery  fish,  since 
wild  trout,  as  a rule,  are  hardier  and  longer-lived,  resulting 
in  the  larger-sized  fish  that  are  preferred  by  most  anglers. 
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Parks  may  be  able  to  justify  the  purchase  of  water  from  the  Helena 
Valley  Canal  during  the  summer  months,  if  it  is  available.  This 
purchase  could  become  more  justifiable  if  wild-fish  recruitment 
from  Prickly  Pear  Creek  were  to  become  significant  enough  to 
allow  a reduction  in  the  number  of  hatchery  fish  needed  to  be 
planted  into  Hauser  Reservoir.  At  the  present  cost  of  hatchery  fish 
--  ranging  from  $10,000  to  $20,000  annually  for  this  reservoir  -- 
it  would  not  take  too  large  a reduction  in  fish  plants  to  pay  for 
the  rewatering  of  the  Prickly  Pear.  The  annual  water  purchase 
could  simply  become  a transfer  of  department  expenditures  rather 
than  the  initiation  of  new  project  funding. 


Another  proposal 

In  1980,  rancher  Don  Burnham  suggested  that  he  might  be  willing 
to  come  up  with  a kind  of  transfer  that  would  help  rewater  the 
Prickly  Pear.  "Give  me  water  out  of  the  Helena  Valley  Canal,"  he 
said,  "and  I'll  stop  diverting  creek  water  at  my  lowermost  diversion 
point."  The  Department  of  Fish,  Wildlife  and  Parks,  the  Water  Quality 
Bureau,  and  the  state  Department  of  Natural  Resources  and  Conservation 
took  him  up  on  his  suggestion  and  drafted  a bill  to  help  smooth 
such  a water  switch.  The  bill  — given  to  a local  legislator  for 
introduction  in  the  1981  Legislature  --  would  amend  state  water-rights 
laws  to  allow  landowners  to  donate  their  water  right  for  an  instream 
right  without  having  that  right  snatched  up  by  junior  water  users. 

The  bill  was  never  introduced  --  either  because  the  legislator's 
staff  needed  more  time  to  research  and  polish  it  or  because  it  just 
got  overwhelmed  in  the  avalanche  of  bills  in  that  session. 


Summary 

In  any  case,  both  rewatering  possibilities  will  continue  to  be 
pursued  by  the  state  agencies.  More  information  will  be  gathered 
about  the  availability  of  irrigation  water  --  from  sources  other  than 
the  Prickly  Pear  --  in  the  Helena  Valley.  And  more  landowners  may 
be  approached  about  the  possibility  of  water  trade-offs. 

Whatever  the  outcome,  the  rewatering  of  the  Prickly  Pear  Creek 
below  East  Helena  must  remain  one  of  the  major  goals  of  any  restora- 
tion project. 
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